Appl. No. 08/838,486 PATENT 
Reply to PTO Communications of October 27, 2004 and 
July 13, 2003 and Office Action of July 29, 2003 

REMARKS/ARGUMENTS 

This paper request entry under 37 CFR 1.116 and 27 CFR 1.195 of the attached 
evidence consisting of (1) Transmittal, (2) Supplemental Communication and Press Release, and 
(3) Copy of Communication to the Examiner filed May 20, 2003 (52pp.), (4) Postcard showing 
receipt of (1), (2) and (3) by the PTO on July 22, 2003. 

The Press Release dated June 14, 2003 describes the results of a phase II clinical 
trials on patients with LADA treated with GAD. This clinical trial was referred to in the 
Baekkeskov declaration filed May 20, 2003. However, the results of the trial were not available 
when the declaration was filed. The Press Release describing the results was filed promptly after 
the results became available and before the issuance of a final rejection (which issued July 29, 
2003). The Press Release and accompanying papers were filed by hand delivery and a postcard 
stamped by Technical Center 1600/2900 on July 22, 2003 was received. Applicants were 
unaware that these papers may not have been entered into the record until receiving a telephone 
call from the Examiner on this subject on or around November 15, 2004. 

The 52-page Communication first filed May 20, 2003 was refiled on July 22, 
2004 in view of the Examiner apparently not having received it. However, it appears from the 
PTO electronic file wrapper that the PTO did receive and enter at least part of the 
Communication, The Communication consists of a Baekkeskov declaration, curriculum vitae of 
Dr. Baekkeskov and copies of references cited in the declaration. It appears that the Baekkeskov 
declaration and curriculum vitae were entered into the record when the original communication 
of May 20, 2003 was filed. However, the attached references were apparently not entered either 
on the original filing of May 22 or the refiling of July 22. In any event, a complete copy of the 
52-page communication filed both May 20, 2003 and July 22, 2003 is provided here. 

The standard for entry of a declaration or exhibits with an appeal brief is provided 
by 37 CFR 1.195, which states: 
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Affidavits, declarations, or exhibits submitted after the case has 
been appealed will not be admitted without a showing of good and 
sufficient reason why they were not presented earlier. 

Here, the papers for which entry is requested were submitted earlier before final 



rejection. In particular, the Press Release was submitted very soon after it was released (released 
June 14, 2003, submitted July 22, 2003). The 52-page communication was submitted on May 
20, and again on July 22, 2003. However, the Press Release was apparently not entered into the 
record at all, and the 52-page communication was entered only in part due to misplacement in 
the PTO. That the papers were misplaced by the PTO provides good and sufficient reason why 
they were not officially entered into the record earlier and why they should now be entered. 



If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 650-326-2400. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, Eighth Floor 

San Francisco, California 941 1 1-3834 

Tel: 650-326-2400 

Fax: 415-576-0300 

Attachments 

JOL:jol 

60360694 v1 



Respectfully submitted, 




Joe Liebeschuetz 
Reg. No. 37,505 
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CERTIFICATE OF TRANSMISSION/MAILING 



I hereby certify that this correspondence is being delivered by Hand Delivery to Tech Center 1600. Crystal Mall 1, 7th Floor Receptionist 1911 South Clark 
Place, Arlington, VA 22202 on the date shown below. 



Typed or printed name 



Signature 



Date 



This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office. U.S. Department of Commerce. P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Attorney Docket No.: 2307AA-031220US 
Client Ref. No.: 90-160-5 



On. 
By:. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Steinunn Baekkeskov et al. 
Application No.: 08/838,486 
Filed: April 7, 1997 

For: IMPROVED METHODS FOR THE 
DIAGNOSIS AND TREATMENT OF 
DIABETES 



Examiner: G. Ewoldt 
Art Unit: 1644 

SUPPLEMENTAL COMMUNICATION 
TO THE EXAMINER 



Tech Center 1600 
Crystal Mall I 
7th Floor Receptionist 
1911 South Clark Place 
Arlington, VA 22202 



Sir: 

Applicants attach an additional copy of a submission mailed May 20, 
2003. It appears from the PAIR records that the original has not been entered into the 
case. The submission of May 20, 2003 contains the executed declaration of Dr. 
Baekkeskov which is to be referred to in subsequent proceedings in this case 



The Declaration of Dr. Baekkeskov filed May 20, 2003 referenced to a 
Phase II clinical trial to test the efficiency of GAD in preventing patients from becoming 
insulin dependent (a symptom of insulin-dependent diabetes). 
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Applicants now provide a press release summarizing the results of the 



trial. In brief, the trial showed administration of GAD is safe and provided statistically 
significant evidence of efficacy. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 941 1 1-3834 

Tel: 650-326-2400 

Fax: 650-326-2422 

JOL:pfh 
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Respectfully submitted, 




Joe Liebeschuetz 
Reg. No. 37,505 
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DlAMYD 



Press Release 



Stockholm, June 14, 2003 



DIAMYD REPORTS SUCCESSFUL CLINICAL PHASE II TRIAL 
WITH DIABETES VACCINE 



Diamyd Medical AB, publicly traded on the Stockholm Stock Exchange in Sweden (O-list), 
today reported a positive outcome from a phase II trial with its GAD-based diabetes 
vaccine Diamyd™. The results may lead to a new treatment to prevent type 1 diabetes. 

The presentation of the results took place at the American Diabetes Association (ADA) 
convention in New Orleans, by Dr. Ake Lernmark, University of Washington, Seattle. "My 
opinion is that this phase II study has been tremendously successful", says Ake Lernmark 
"Not only is it now shown that the Diamyd™ vaccine can be safely administrated in a wide 
range of doses, but a clear and significant positive effect (P=0.01) of the vaccine was 
found at one of the dose levels six months from first vaccination. It is also important to 
note that the trial was conducted to the highest standards which ads further weight to its 
results/' 

"We could not have hoped for better results. The Diamyd™ vaccine is safe and we have an 
effective dose to go on with", says Anders Essen-Moller, President and CEO of Diamyd 
Medical. 

In type 1 diabetes, the immune system mistakenly destroys the insulin-producing cells in 
the pancreas in an autoimmune attack. Over time, this attack leads to a lack of insulin, 
the hormone that controls blood sugar levels. People with type 1 diabetes must inject 
insulin daily. 

In type 2 diabetes, patients normally continue to produce their own insulin but are less 
sensitive to it. Therefore these patients may be treated with tablets to increase their 
sensitivity to insulin. A large group (about 10%) of the type 2 diabetes patients have 
antibodies to GAD. These patients are called LADA and suffer from a similar autoimmune 
attack as the type 1 diabetes patients, which leads to the need for insulin injections. 

Diamyd Medical conducted the phase II clinical trial by vaccinating patients with recently 
diagnosed LADA. The GAD-vaccine successfully improved these patients' C-peptide levels 
and therefore their ability to make insulin over a six-month period, compared with 
patients who received a placebo. 

"The study shows that the vaccine is safe and that it is possible to inhibit the autoimmune 
attack on the cells that make insulin, thereby slowing the progression of the disease," said 
Essen-Moller. 

The vaccine to prevent type 1 diabetes arose from experiments with diabetes prone-mice 
that were protected from developing the disease by injecting GAD-protein. "It's 
tremendously satisfying to see our work at UCLA go from the lab to a clinical application 
with the potential to help so many people" said Daniel Kaufman, Ph.D., Professor, UCLA 
Department of Molecular and Medical Pharmacology, whose research team was first to 
develop and test a GAD-vaccine in diabetes-prone mice. 

Diamyd Medical's phase II trial was conducted on 47 diabetes patients with the GAD- 
based vaccine Diamyd™ at the UMAS hospital in Malmoe and St.Gorans Hospital in 
Stockholm, Sweden. The patients were randomly divided into four groups with 12 patients 
in each group. Each patient received one first injection of Diamyd™ followed by at least 



http://www.diamyd.com/docs/030614en.html 
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one boost injection four weeks after. Nine patients in every group received active drug 
whereas three received placebo. The groups received different doses of the vaccine 
ranging from 4 to 500 micrograms per dose. All patients visited the hospitals 10 times 
during this six-month study, and detailed clinical, immunological as well as neurological 
investigations showed no safety concerns at the administered dose levels. 

The study results show that the diabetes vaccine significantly improves the serum C- 
peptide levels both at fasting (P=0.01) and after meals (P=0.02) at one of the doses. 

"Since the vaccine seem effective when given to people with an advanced disease, we are 
hopeful that it will be highly effective when given at earlier stages of the disease process— 
we now know that type 1 diabetes takes years to develop and that we can detect people 
who are at early stages of the disease process by testing for GAD autoantibodies in their 
blood" said Essen-Moller 

"We will now continue to analyze the results from this study" says Essen-Moller. The 
future for the Diamyd™ diabetes vaccine is promising". 

Diamyd Medical is identifying and developing therapeutic candidates through phase II. 
The Company's intention is thereafter to seek co-operation with established 
pharmaceutical companies for further development. Diamyd Medical is pursuing various 
GAD-based development projects of which the GAD-based diabetes vaccine Diamyd™ is 
the most advanced at this time. Diamyd Medical has licensed exclusive and worldwide 
intellectual rights for therapeutic use of GAD from the Universities of California in Los 
Angeles and University of Florida in Gainesville, Florida. 

The first application for Diamyd™ is older patients with adult onset diabetes with GAD 
antibodies since this patient group progress to full insulin dependence within a few years. 
The market for this application may be in the area of one billion US dollars per year. 
Future studies will address whether the vaccine can also* prevent the development of type 
1 diabetes in young people that have not yet developed the disease. With the availability 
of a potential therapeutic, the pre-diagnostic tests for who is at risk for developing the 
disease (based on the detection of antibodies to GAD and other islet proteins), becomes 
quite valuable. Diamyd has an extensive array of pre-diagnostic kits for detecting 
autoantibodies to these proteins. Additional possible applications of the vaccine are to 
prevent recurrent autoimmune diabetes after transplantation of islet cells and stem cell 
therapy. 



About Diamyd Medical: 

Diamyd Medical's business idea is to identify and develop pharmaceutical projects up to 
and including Phase II. At present Diamyd Medical is running a number of GAD-based 
development projects and has the licensed rights for this from universities in the US. 



For further information, please contact: 

Johannes Falk, Diamyd Medical AB (publ), 

Phone: +46 8-661 00 26, +46 8-661 12 25, 

fax: +46 8-661 63 68, or via e-mail: info@diamyd.com 

No guarantee is given or implied for the accuracy of any statements on present, historical 
or future results. 



Diamyd 
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I hereby certify that this correspondence is being deposited with the United PATENT 
States Postal Service as first class mail in an envelope addressed to: Attorney Docket No.". 2307 AA-03 1 220US 

Client Ref. No.: 90-160-5 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



On 



Mav 20. 2003 



COPY 



TOWNS END and TOWNSEND and CREW LLP 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Steinunn Baekkeskov et al. 
Application No:: 08/838,486 
Filed: April 7, 1997 

For: IMPROVED METHODS FOR THE 
DIAGNOSIS AND TREATMENT OF 
DIABETES 



Examiner: G. Ewoldt 



Art Unit: 



1644 



COMMUNICATION TO THE EXAMINER 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 

Attached is an original executed declaration of Dr. Steinnun Baekkeskov, 
a copy of her curriculum vitae and certain articles cited in the declaration. 

This original declaration should replace that filed with the response of 
May 5, 2003. It has been discovered that the fax signature sheet of this declaration was 
inadvertently attached to a draft rather than the completed version of the declaration, The 
draft was not executed by Dr.Baekkeskov and should be ignored. To avoid confusion 
between the draft and the executed declaration, applicants have attached a cover page 



Steinunn Baekkeskov et al PATENT 
Application No.: 08/838,486 
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titled "Original executed declaration of Dr. Steinnun Baekkeskov." This is to be referred 
to in subsequent proceedings. 

References cited in Dr. Baekkeskov's declaration, for which copies are not 
provided here, are believed to be already of record. However, copies can be provided if 
the Examiner is not able to find the cited references. 

Respectfully submitted, 



Joe Liebeschuetz 
Reg. No. 37,505 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 941 1 1-3834 

Tel: 650-326-2400 

Fax: 650-326-2422 

JOL:p£h 
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Original Executed Declaration 
of Dr. Steinnun Baekkeskov 



I hereby certify that this correspondence is being deposited with the United PATENT 
States Postal Service as first class mail in an envelope addressed to: Attorney Docket No. : 2307 AA-03 1 220US 

Client Ref. No.: 90-160-5 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 223 13-1450 



On 



Ma Y a^20Q3 



TOWNS END and 
By: (Paula Faulk 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Steinunn Baekkeskov et al. 
Application No,: 08/838,486 
Filed: April 7, 1997 

For: IMPROVED METHODS FOR THE 
DIAGNOSIS AND TREATMENT OF 
DIABETES 



Examiner: G. Ewoldt 



Art Unit: 



1644 



DECLARATION OF STEINUNN 
BAEKKESKOV 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



I, Steinunn Baekkeskov, state as follows: 



(1) I am Professor of Medicine and Microbiology/Immunology, and 
Horan Markarian Chair of Diabetes at the University of California, an assignee of the 
above-captioned application. A copy of my curriculum vitae is attached as Exhibit A. I 
have actively conducted research in diabetes for over twenty years. I regularly read the 
scientific literature, particularly that relating to diabetes, attend scientific meetings, and 
am conversant with the view of many colleagues. 
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(2) I have reviewed the above-captioned application of which I am a 
co-inventor and have followed the prosecution history thereof. I understand that the 
priority date of the application is September 7, 1990. 

(3) The application is in large part premised on the discovery that 
glutamic acid decarboxylase (GAD) is a component of a pancreatic beta cell 64 kDa 
antigen that is a major autoantigen in insulin dependent diabetes mellitus (IDDM) (also 
known as type 1 diabetes). The application discloses administering GAD to a patient to 
inhibit or prevent IDDM. Administration of GAD induces tolerance to the 64 kDa 
autoantigen, thereby inhibiting or preventing further destruction of beta pancreatic cells, 
and the clinical symptoms of IDDM that eventually result from this destruction. 

(4) When an antigen is administered to a subject, it can induce either a 
tolerogenic or an immune response depending on the regime with which it is 
administered. The application teaches that care should be taken not to potentiate an 
immune response that would exasperate B cell destruction. Based on my knowledge of 
the scientific literature, general principles for achieving a tolerogenic response rather than 
a harmful immunogenic response were within the state of the art as of September 1990. 
For example, standard immunology textbooks available at the priority date of the 
invention discuss how either low or high dosages of antigen favor a tolerogenic 
response, whereas intermediate dosages favor an immunogenic response (Benjamini & 
Leskowitz, Immunology: A Short Course (Liss, 1988) at p. 255-256; Golub, The 
Cellular Basis of the Immune Response (2 nd ed. Sinauer, 1981) at page 291). These 
textbooks also discuss how the use of unaggregated antigen favors a tolerogenic 
response. Induction of antigen specific tolerance had been used successfully in numerous 
studies to suppress or prevent autoimmune disease in animal models ((Cremer et al., 
Collagen induced arthritis in rats: antigen-specific suppression of arthritis and immunity 
by intravenously injected native type II collagen. J. Immunol. 131, 2995-3000 (1983); 
Scherer et al., Control of cellular and humoral immune responses by peptides containing 
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T cell epitopes. Cold Spring Harbor Symp. Quant Biol. 54, 497-504, 1989; Nagler- 
Anderson et al., Suppression of type II collagen induced arthritis by intragastric 
administration of soluble type II collagen. Proc. Natl. Acad. Sci. USA 83, 7443-7446 
(1986); Higgins and Weiner. Suppression of experimental autoimmune encephalomyelitis 
by oral administration of myelin basic proteins and its fragments. J. Immunol. 140, 440- 
445 (1988)). Given this guidance as to how to generate a tolerogenic response to 
ameliorate autoimmune disease, I believe scientists in the IDDM field would be able to 
use the knowledge of an identity of a target autoantigen to devise conditions to obtain a 
tolerogenic response to prevent or delay disease as of September 1990. 

(5) This expectation has been confirmed by numerous reports in the 
scientific literature in which administration of GAD has been shown to induce tolerance 
in NOD mice and prevent IDDM (see e.g., Tisch etal, Nature 366, 71-75 (1993); 
Kaufinan, Nature 366, 69-71 (1993), Tian et al., Nature Medicine 12, 1348 (1996), 
Peterson et al., Diabetes 44, 1478 (1994), and Pleau et al, J. Immunol Immunopath. 76, 
90-95 (1995)). Several different parenteral routes of administration have successfully 
been used (see Harrison, Molecular Medicine 1, 722-727 (1994)). 

(6) The NOD mouse is a good model of the major type of IDDM in which 
human patients develop autoantibodes and T cells to GAD, because NOD mice also 
develop autoantibodies and T cells to GAD (see Tisch et al, Nature 366, 72-75 (1993) at 
e.g., p. 21, column 1, first paragraph). The NOD mouse is a genetic strain of mouse that 
spontaneously develops autoimmunity to GAD, and subsequently symptoms of IDDM, in 
a manner similar to development of IDDM in humans. Positive results in the NOD mouse 
have been used as evidence to support human clinical trials of a number of drugs to treat 
IDDM. For example, human clinical trial of humanized OKT3 to treat IDDM is 
underway following a showing that such an antibody reversed hyperglycemia in NOD 
mice (see attached summary of the trial and Herold et al., New Engl. J. Med. 346, 1692- 
1698 (2002)). Similarly, a human clinical trial of alpha interferon is underway following 
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a showing that ingestion of alpha interferon prevents diabetes in a NOD mouse (see 
attached summary of trial). Most importantly, the results using GAD to induce tolerance 
and prevent diabetes in the NOD mouse have been used as evidence to support human 
clinical trials of a GAD vaccine to treat human type II diabetic patients (non-insulin 
dependent). These patients are treated with oral medication, but have autoantibodies to 
GAD, demonstrating that they are experiencing autoimmune destruction of B cells and 
are therefore likely to become insulin dependent The vaccine has been shown to be safe. 
The results of phase II of the clinical trials, which may provide an indication of the 
efficacy of the vaccine in preventing patients from becoming insulin dependent, will be 
announced at the American Diabetes Association annual meeting in New Orleans, June 
13-17, 2003 (see attached summaries of trial). 

(7) By contrast, the BB rat is not such a close model of IDDM in humans 
or other organisms that develop antibodies to GAD. The BB rat bears a genotype that 
results in spontaneous development of lymphocytopenia and clinical symptoms similar to 
those of IDDM. However, lymphocytopenia is not found in human IDDM. Furthermore, 
unlike the NOD mouse, and unlike most humans, the BB rat does not develop 
autoimmunity to GAD (see Petersen et al, Autoimmunity 25, 129-138 (1997) at p. 134, 
col. 1). Because the BB rat does not develop autoantibodies to GAD, there is no reason 
to expect that therapeutic intervention with GAD would have any effect in the BB rat. 
Therefore, lack of such an effect in the BB rat, cannot be extrapolated to humans or other 
animals in which autoantibodies to GAD are present. 

(8) In my opinion, the above evidence shows that a tolerogenic response 
has been obtained to GAD in mouse model of IDDM that is protective for IDDM and is 
predictive of similar response in humans. In my opinion, the evidence further shows this 
response was obtainable based on the teaching of the specification and common 
knowledge in the field as of September 1990. 
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(9) I further declare that all statements made herein of my own knowledge 



are true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereon. 
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Respectfully submitted, 




Steinunn Baekkeskov 



STEINUNN BAEKKESKOV 



Curriculum Vitae 



Affiliation 
Address: 



Professor of Medicine and Microbiology/Immunology 

Horan Markarian Chair of Diabetes 

Hormone Research Institute/Diabetes Center, Box 0534 

University of California, San Francisco 

San Francisco, CA 94143-0534 



EDUCATION 



1976: 



1984: 



Candidatus Scientarum, (M Sc./Ph.D.degree) in Biochemistry from the University of 
Copenhagen, Denmark. 

Licentiata scientarum, (Ph.D. degree) in Immunology from the University of 
Copenhagen, Denmark 



PROFESSIONAL AND RESEARCH EXPERIENCE 



1973-1975: 



1976 



1977-1979: 



1980-1982: 



1982-1986: 

1986- 1989: 

1987- 1589: 



1989-1992: 



1992-1998 



1998-present 



1990-1992 
1992-date 

1992- date 

1993- date 

1994- date 



Thesis student, Department of Chemistry, The Carlsberg Laboratory, Copenhagen, 
Isolation characterization and chemical modification of enzymes from Saccharomyces 
cerevisae. Thesis: Characterization and chemical modification of glucose-6-phosphate 
dehydrogenase from Brewers yeast 

Lecturer in Biochemistry, Department of Biochemistry, University of Copenhagen 
Medical School 

Postdoctoral Fellow, Department of Biochemistry, International Laboratory for 
Research on Animal Diseases (ILRAD), Nairobi, ~ Kenya. Isolation and 
characterization of membrane proteins and lipids of African trypanosomes. 

Postdoctoral Fellow, Hagedom Research Laboratory, Gentofte, Denmark. Research 
area: Immunology/cell and molecular biology pf the pancreatic P-celL The role of 
autoimmunity in die pathogenesis of insulin-dependent diabetes. 

Staff Scientist, Hagedom Research Laboratory. 

Senior Staff Scientist, Hagedorn Research Laboratory (permanent position). 
Member of a panel of 6 Senior Staff Scientist that formed the Directory Board of the 
Hagedorn Research Laboratory. 

Assistant Professor, Department of Medicine, Department of Microbiology/ Immunology, 
University of California, San Francisco 

Associate Professor Department of Medicine, Department of Microbiology/Immunology, 
University of California San Francisco^ 

Professor of Medicine and Microbiology / Immunology, University of California San 
Francisco 

Member of UCSF Graduate Program in Endocrinology 
Member of UCSF Graduate Program in Molecular Medicine in PIBS 
Member of UCSF Biomedical Sciences Graduate Program 
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AWARDS AND HONORS 

1970-1973 P. Wulff s Foundation Scholarship 

1973-1975: Carlsberg Foundation Research Student Fellowship Award 

1982-1984: _ Juvenile Diabetes Foundation Fellowship Award 

1984-1987: Juvenile Diabetes Foundation Career Development Award. 

1991-1993 NIH-Shannon Award 

1997-current Horan Markarian Chair of Diabetes 

PUBLICATIONS 

Original Articles in Reviewed Journals: 

1. Rovis, L. and Baekkeskov, S. Subcellular fractionation of Trypanosoma brucei. Isolation and 
characterization of plasma membranes. Parasitology 80, 507-524 (1980). 

2. Baekkeskov, S., Kanatsuna, T., Klareskog, L., Nielsen, D.A., Peterson, PA., Rubenstein, A.H., Steiner, 
D.F., and Lernmark, A. Expression of major histocompatibility antigens on pancreatic islet cells. Proc 
Natl Acad. ScL USA 78, 6456-6460 (1981). 

3. Steffes, M.W., Nielsen, 0., Dyrberg, T., Baekkeskov, S., Scott, J., and Lernmark, A. Islet transplantation 
in mice differing in the I and S subregions of the H-2 complex. Transplantation 31, 476-479 (1981). 

4. Baekkeskov, S., Nielsen, J.H., Mamer, B., Bilde, T., Ludvigsson, J., and* Lernmark, A. Autoantibodies in 
newly diagnosed diabetic children immunoprecipitate specific human pancreatic islet cell proteins. 
Nature 298, 167-169 (1982). 

5. Dyrberg, T., Baekkeskov, S., and Lernmark, A. Specific pancreatic 0-cell surface antigens recognized by a 
xeriogenic antiserum. J. Cell BioL 94, 472-477 (1982). 

6. Dyrberg, T., Nakhooda, A.F., Baekkeskov, S., Lernmark, A., Poussier, P., and Marliss, E.B. Islet cell 
surface antibodies and lymphocyte antibodies in the spontaneously diabetic M BB" Wistar rat. Diabetes 
31,278-181(1982). 

7. Kanatsuna, T., Baekkeskov, S., Lernmark, A, and Ludvigsson, J. Immunoglobulin from insulin-dependent 
diabetic children inhibits glucose-induced insulin disease. Diabetes 32, 520- 524 (1983). 

8. Baekkeskov, S., and Lernmark, A. Glucose stimulates the biosynthesis of a human pancreatic islet cell 
protein, detected by an antiserum against the human erythrocyte glucose transporter. FEBS Letters 157, 
331-335(1983). 

9. Baekkeskov, S., Dyrberg, T., and Lernmark, A. Autoantibodies against an Mr 64K islet cell protein 
precede the onset of insulin-dependent diabetes in the BB-rat. Science 224, 1348-1350 (1984). 

10. Baekkeskov, S. and Lernmark, A. A (J-cell glycoprotein of Mr 40,000 is the major rat islet cell immunogen 
following xenogenic immunization. Diabetologia 27, 70-73 (1984). 

11. Gerling, L, Baekkeskov, S., and Lernmark, A. Islet cell and 64K autoantibodies are associated with 
plasma IgG in newly diagnosed insulin-dependent diabetic children. J. Immunol. 137, 3782-3785 (1986). 

12. Baekkeskov, S., Landin, M, Kristensen, J.K., Srikanta, S., Braining, G.J., Mandmp-Poulsen, T., de 
Beaufort, C, Soeldner, J.S., Eisenbarth, G., Lindgren, F., Sundquist, G., and Lernmark, A. Antibodies to a 
Mr 64,000 human islet cell antigen precede the clinical onset of insulin-dependent diabetes. J. Clin. 
Invest 79, 926-934 (1987). 
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13. Efrat, S., Baekkeskov, S., Lane, D., and Hanahan, D. Coordinate expression of SV40 large T and p53 
proteins in (V-cells of transgenic mice harboring hybrid insulin-large T antigen genes. Embo J. 6, 2699-2704 
(1987). 

14. Warnock, G.L., Ellis, D., Rajotte, R.V., Dawidson, L, Baekkeskov, S., and Egebjerg J. Studies on the 
isolation and viability of human islets of Langerhans. Transplantation 45, 957r963 (1988). 

15. Christie. M., Landin-Olsson; M, Sundkvist, G., Dahlquist, G., Lernmark, A. & Baekkeskov, S. 
Antibodies to a Mr 64,000 islet cell protein in Swedish children with newly diagnosed type 1 (insulin 
dependent diabetes. Diabetologia 31, 597-602 (1988). 

16. Efrat, S., Iinde, S., Kofod, H., Spector, D., Delannoy, M., Grant, S., Hanahan D„ and Baekkeskov, S. p 
cell lines derived from transgenic mice expressing a hybrid insulin gene-oncogene. Proc. Natl. Acad. Sci. 
USA 85, 9037-9041 (1988). 

17. Hansen, W.A., Christie, M.R., Kahn, R., Norgaard, A., Abel, L, Petersen, AAL, Jorgensen, D.W., 
Baekkeskov, S., Nielsen, J.H., Lemmark, A., Egeberg, J., Richter-Olesen, H., Grainger, T., Kristensen, 
J.K., Brynitz, S., and Bilde, T. Supravital dithizone staining in the isolation of human and rat 
pancreatic islet Diabetes Research, 10, 53-57 (1989). 

18. Baekkeskov, S., Warnock, G„ Christie, M., Rajotte, R.V., Mose-Larsen, P., and Fey, S. Revelation of 
specificity of 64k autoantibodies in IDDM serums by high-resolution 2D-gel electrophoresis. 
Unambiguous identification of 64k target antigen. Diabetes 38, 1133-1141 (1989). 

19. Schoenle, E.J., Boltshauser, E.J., Baekkeskov, S., Landin Olsson, M/ Torresani, T., von Felten, A. 
Preclinical and manifest diabetes mellitus in young patients with Friedreich's atazia: No evidence of 
immune process behind the islet cell destruction. Diabetologia 32: 378-381 (1989). 

20. Christie, M., Pipeleers, D., Lernmark, A., Baekkeskov, S. Cellular and subcellular localization of a Mr 
64000 protein autoantigen in insulin-dependent diabetes. J. Biol. Chem. 265: 376-381 (1990). 

21. Baekkeskov, S., Aanstoot, H.j;, Ghristgau, S., Reetz, A., Solimena, M-, Cascalho, M., Folli, F., Richter- 
Olesen, H. and De Camilli, P. Identification of the 64k autoantigen in insulin-dependent diabetes as the 
GABA-synthesizing enzyme glutamic acid decarboxylase. Nature 347, 151-156 (1990). 

22. Christgau, S., Schierbeck, H., Aanstoot, H.J., Aagaard, L., Begley, J.S., Kofod, H., Hejnaes, K. and 
Baekkeskov, S. Pancreatic ^-cells express two autoantigenic forms of glutamic acid decarboxylase, a 
65kDa hydrophilic form and a 64kDa amphiphilic form which can be both membrane-bound and 
soluble. J. BioL Chem. 266, 21257-21264 (1991). 

23. Christgau, S., Aanstoot, H.J., Schierbeck, H., Begley, K., Tullin, S., Hejnaes, K. and Baekkeskov, S. 
Membrane anchoring of the autoantigen GAD^s to microvesicles in pancreatic p-cells by palmitoylation 
in the N-tenninal domain. J. Cell BioL 118, 309-320 (1992). 

24. Moller, C.J., Cristgau, S., WiUiamson, M.R., Madsen, O.D., Zhan-Po, N., Bock, E. and Baekkeskov, S. 
Differential expression of neural cell adhesion molecular and cadherins in pancreatic islets, 
glucagonomas, and insulinomas. Molecular Endocrinology 92,1332-1342(1992). 

25. Richter, W., Shi, Y. and Baekkeskov, S. Autoreactive epitopes in glutamic acid decarboxylase defined 
by diabetes-associated human monoclonal antibodies are localized in the middle and C-terminal 
domains of the smaller form of glutamate decarboxylase. Proc Natl. Acad. Sci., USA, 90, 2832-2836 
(1993). 

26. Radvanyi, F„ Christgau, S., Baekkeskov, S., Jolicoeur, C and Hanahan, D. Pancreatic p cells cultured 
from individual preneoplastic foci in a multistage tumorigenesis pathway: a potentially general 
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technique for isolating physiologically representative cell lines. MoL Cell. Biol., 13, 4223-4232. 
(1993). 

27. Petersen, J.S., Marshall, M.O., Baekkeskov, S., Hejnaes, K.R., Hoier-Madsen, M., and Dyrberg, T. 
Transfer of TypeJ (insulinrdependent) diabetes, mellitus associated autoimmunity to mice with severe 
combined immunodeficiency (SOD). Diabetologia 36, 510-515(1993). 

* 28. Kim, J., Richter, W., Aanstoot, H.-J., Shi, Y., Fu, Q., Rajotte, R., Warnock,- G., and Baekkeskov, S; 

Differential expression of GAD^S and GAD67 in human, rat, and mouse pancreatic islets. Diabetes 42, 
1799-1808(1993). 

29. Shi Y. Veit, B., and Baekkeskov, S. Amino acid residues 24-31 but not palmitoylation of cysteines 30 and 
45 are required for membrane anchoring of glutamic acid decarboxylase, GAD&j. J. CelL BioL 124, 927- 
934 (1994). 

30. Aanstoof/H.-J., Sigurdsson, E., Shi, Y. Christgau, S., Grobbee, D. Bruining, G.J., Molenaar, J.L., Hofman, 
A., Baekkeskov, S. Value of antibodies to GADg, combined with islet cell cytoplasmic antibodies for 
predicting type 1 (insulin dependent) diabetes mellitus in a childhood population. Diabetologia 37, 917- 
924 (1994). 

31- Kim, J., Namchuk, M., Bugawan, T., Fu, Q.Jaffe, M v Aanstoot, H-J., Turck, C. W., Erlich, H., Lennon, V., 
and Baekkeskov, S. Higher autoantibody levels and recognition of a linear N-terminal epitope in the 
autoantigen GADgj distinguish stiff-man syndrome from insulin dependent diabetes. J. Exp. Med. 180, 
595-606(1994). 

32. Aanstoot, H-J., Kang, S-M., Kim, J., Lindsay, L-A., Roil, U., Knip, M., Atkinson, M., Mose-Larsfen, P., 
Fey, S., Fu, Q., Ludvigsson, J., Landin, M., Bruining, J., Maclaren, N., Akerblom, H., Baekkeskov, S. 
Identification and characterization of glima 38, a glycosylated islet cell membrane antigen which 
together with GAD65 and IA2 marks the early phases of autoimmune response in type 1 diabetes. J. Clin. 
Invest 97, 2772-2783 (1996). 

33. Syren, K, Stoehrer, B.) Jury, K, Boehm, B. O., Baekkeskov, S., and Richter, W. Immune reactivity of 
diabetes associated human monoclonal antibodies defines multiple epitopes and detects two domain 
boundaries in glutam&e decarboxylase. J. Immunol. 157, 5208-5214 (1996). 

34. Namchuk, M., Lindsay, L-A., Turck, C.W., Kanaani, J., and Baekkeskov, S. Phosphorylation of Serine 
Residues 3, 6, 10, and 13 distinguishes membrane anchored from soluble glutamic acid decarboxylase 65 
and is restricted to glutamic acid decarboxylase 65a. J. BioL Chem. 272, 1548-1557 (1997). 

35. Kang, S.-M., Schneider, D.B., lin, Z„ Hanahan, D., Dichek, D.A., Stock, P.G., and Baekkeskov, S. Fas 
ligand expression in islets of Langerhans does not confer immune privilege and instead targets them for 
rapid destruction. Nature Med. 3:738-743 (1997). 

36. Kash, S. F., Johnson, R.S., Tecott, L.H., Noebels, J.L., Mayfield, R.D., Hanahan, D., and Baekkeskov, S. 
Epilepsy in mice deficient in the 65 kDa isoform of glutamic acid decarboxylase. Proc, Natl. Acad. Sci. 
USA 94, 14060-14065 (1997). 

37. Hensch, T. K., Fagiolini, M., Mataga, N., Stryker, M. P., Baekkeskov, S., and Kash, S. F. Local GABA 
circuit control of experience-dependent plasticity in developing visual cortex. Science 282, 1504-1508 
(1998). 

38. Bridget, M., Cetkovic-Cvrlje, O'Rourke, R., Shi, Y., M., Narayanswami, S., Lambert, J., Ramiya, V., 
Baekkeskov, S., and Leiter, E. Differential protection in two transgenic lines of NOD/Lt mice 
hyperexpressing the autoantigen GAD65 in pancreatic beta cells. Diabetes 47, 1848-1856 (1998). 
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39. Kash, S. F., Tecott, L. H., Hodge, C, and Baekkeskov, S. Increased anxiety and altered responses to 
anxiolytics in mice deficient in the 65 kDa isoform of glutamic acid decarboxylase. Proc Natl. Acad. 
ScL 96, 1698-1703 (1999). 

29. „_Schwartz, -H-, Qiandooi^ I-Nt, Kash, S V F V Tunnel l, E., Domingo, A., Cohen. P., Banga, J. P., Madec, 

A.-M., Richter W., and Baekkeskov, S. High resolution epitope mapping and structural modeling of 
human glutamic acid decarboxylase 65. J. Mol. Biol 287, 983-999 (1999). 

30. Kash/ S., Condei, B., and Baekkeskov, S. GABA in brain and pancreas: Lessons from knock-out mice. 
Hormone and Metabolic Research 31, 340-344, 1999. 

31. Han, N., Petersen C, Kash, S. P., Baekkeskov, S., Copenhagen* D. and Nicoll, R. The role of the 
synthetic enzyme GAD65 in the control of neuronal GABA release. Proc Natl. Acad. ScL USA, 96, 
12911-12916,(1999). 

32. Kanaani, J., Lissin, D., Kash, S. F., and Baekkeskov, S. The hydrophilic isoform of glutamate 
decarboxylase, GAD67, is targeted to membranes and nerve termini independent of dimerization with 
the hydrophobic membrane anchored isoform, GAD65. J. BioL Chem. 247, 37200-27209, (1999). 

33. Roll, 0., Turck, C.W., Gitelman, S.E., Rosenthal, S.M., Nolte, M.S., Masharani, U., 2aegier, A.-G., and 
Baekkeskov, S. Peptide mapping and characterization of glycosylation patterns of the glima 38 
antigen recognized by autoantibodies in Type 1 diabetic patients. Diabetologia, 43, 598-608 (2000). 

34. CRourke, R. W., Kang, S-M., Lower, J ? A., Feng, S., Ascher, N. L., Baekkeskov, S., and Stock, P. G. 

A dendritic cell line genetically modified to express CTLA4-Ig as a means to prolong islet allograft 
survival. Transplantation 69, 1440-1446 (2000). 

35. Kang, S-M., Braat, D., Schneider, D. B., O'Rourke, R. W., Lin, Z., Ascher, N. L., Dichek, D. J., 
Baekkeskov, S v and Stock, P. G. A non-cleavable mutant of Fas ligand does not prevent neutrophilic 
destruction of islet transplants. Transplantation, 69, 1813-1817, (2000). 

36. Shi, Y., Kanaani, J., Menard-Rose, V., Ma, Y-H., Chang, P-Y, Hanahan, D., Grodsky, G v and 
Baekkeskov, S. Increased expression of glutamic acid decarboxylase and GABA in pancreatic p-cells 
impairs glucose-stimulated insulin secretion at a step proximal to membrane depolarization. Am. J. 
Physiol. Endocrinol. Metab. 279, 684-694, (2000). 

37. Wolfe, T., Bot, A., Hughes, A., Mohrle, U., Rodrigo, E., Jaume, J. C, Baekkeskov, S., and von Herrath, > 
M. Endogenous expression of autoantigens influence success or failure of DNA immunizations to prevent 
type 1 diabetes: addition of IL-4 increases safety. Eur. J. Immunol 32, 113-121. 2002. 

38. Jaume, J. C, Parry, S. L., Madec, A.-M., Sonderstrup, G., and Baekkeskov, S. Suppressive effect of 
GAD65-specific autoimmune B lymphocytes an processing of T cell determinants located within the 
antibody epitope. J. Immunology 169, 665-672, 2002. 

39. Kanaani, J., El-Husseini, A. E-D., Aguilera-Moreno, A., Diacovo, J. M., Bredt, D. S., and Baekkeskov, S, 
A combination of three distinct trafficking signals mediates axonal targeting and presynaptic clustering 
of GAD65. J. Cell BioL 158, 1229-1238. 2002. 

40. Hayakawa, N., Premawaedhana, L.D.K.E., Powell, M., Masuda, M.. Arnold, C, Sanders, J., Evans, M., 
Chen, S., Jaume, J. C, Baekkeskov, S., Rees Smith, B. and Furmaniak, J. Isolation and characterization 
of human monoclonal autoantibodies to glutamic acid decarboxylase. Autoimmunity 35, 343-355, 2002. 

Symposia Papers, Reviews, and Book Chapters: 

1. Lernmark, A. and Baekkeskov, S. Islet cell antibodies - theoretical and practical implications. 
Diabetologia 21, 431-435 (1981). 
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2. Lemmark, A., Bonnevie-Nielsen, V., Baekkeskov, S., Dyrberg, T., Kanatsuna, T., and Scott, J. Islet cell 
. . antibodies. In: Etiology and pathogenesis of insulin-dependent diabetes mellitus, eds.: J.M. Martin, R.M. 
Ehrlich, and F.J. Holland, Raven Press, N.Y., pp. 61-71 (1981). 

3^..^Jfe£kkeAo:^Ji, 1 _^ K. The significance . 

of ICSA in IDDM among Caucasians. In: Proceedings of the International Symposium on Clinico-Genetic 
Genesis of Diabetes Mellitus, Kobe, Feb, 11-12, 1982, eds.: G. Mimura, S. Baga, Y. Goto, and J. Kobberling, 
Excerpta Medica, Amsterdam, pp. 137-141 (1982). 

4. Baekkeskov, S. and Lernmark, A. Rodent islet cell antigens recognized by antibodies in sera from 
diabetic patients. Acta Biol. Med. Germ. 41, 1111-1115 (1982). , 

5. • Brogren, C.H., Baekkeskov, S., Dyrberg, T., Lernmark, A., Marner, B., Nerup, J., and Papadopoulos / GJC 

. Jlole of islet cell antibodies in the pathogenesis of type I diabetes. In: Diabetes and Immunology: 
Pathogenesis and Immunotherapy, eds.: H. Kolb, G, Schernthaner, and F.A. Gries, Hans Hubert 
Publishers. Berlin, pp. 65-78 (1983). 

6. Baekkeskov, S. Radiolabelling and immunoprecipitation of islet cell antigens. In: Methods in Diabetes 
Research, Volume I, part A, eds.: J. Lamer and S.L. Pohl, John Wiley & Sons, Ltd., New York, pp. 129- 
140 (1984). 

7. Lernmark, A., Baekkeskov, S., Dyrberg, T., Gerling, L, Marner, B., Papadopoulos, G., Svenningsen, A., 
Binder, C., Christie, M., Nerup, J., and Mandrup-Poulsen, T. Pathogenesis of Type I diabetes mellitus. In: 
Endocrinology, eds.: F. Labrie and L. Proulx, Elsevier Science Publishers B.V., pp. 94-96 (1984). 

8. Michelsen, S., Baekkeskov, S., Deufel, Th., Kastern, W., Kofod, H., Lemmark, A., and Vissing, H> 
Mecanisme et controle genetique de la response auto-immune dirigee centre les cellules beta-pancrea- 
tiques au cours dii diabete insulinodependant In: Joumees Annuelles de Diabetologie de 1'Hotel-Dieu, 
ed.: M. Rathery, pp. 171-182 (1985). 

9. Lemmark, A., Baekkeskov, S., Gerling, I., Kastem, W., Knutsen, C.B., and Michelsen, B. Immunological 
aspects of type I and II diabetes mellitus. In: Comparison of Type I and Type II Diabetes, eds.: M. Vranic, 
C.H. Hollenberg, and G. Steiner, Plenum PubL Co., pp. 107-127 (1985). 

10. Baekkeskov, S. Immunoreactivity to a Mr 64,000 human islet cell antigen in sera from insulin-dependent 
diabetes mellitus patients and individuals with abnormal glucose tolerance. Mol. Biol. Med. 3, 137-142 
(1986). 

11. Lemmark, A. and Baekkeskov, S. Insulin-dependent diabetes mellitus. In: Clinical Diabetes, ed.: J.K. 
Davidson, Thieme-Straighten Inc., New York, pp. 26-39 (1986). 

12. Baekkeskov, S., Braining, J., Srikanta, S., Mandrup-Poulsen, T., de Beaufort, C, Eisenbarth, G., Nerup, 
J., and Lernmark, A. Antibodies to an Mr 64,000 human islet cell protein in the prediabetic period of 
IDDM patients. Ann. N.Y. Acad. Sci. 475, 415-417 (1986). 

13. Lernmark, A., Michelsen, B., Deufel, T., Grove, A., Kofod, H., and Baekkeskov, S.: Diabetes and 
Molecular Mechanisms of the Immune response. In: Proc. 2nd Internat Conf. on the Use of Human Tissues 
and Organs for Research and Transplantation, eds.: J. Bridgets, S. Cades, and H.A. Luskin. The National 
Diabetes Research Interchange, Philadelphia, pp. 3-20 (1986). 

14. Baekkeskov, S. The Mr 64,000 human islet cell autoantigen: Detection of antibodies in prediabetic 
individuals. In: Proc 2nd. Internat Conf . on the use of human tissues and organs for research and 
transplant, eds. L.M. Bridges, J,S. Cades, and H.A. Luskin, The National Diabetes Research 
Interchange, Philadelphia, pp. 26-29 (1986). 

15. Baekkeskov, S., Christie, M., and Lemmark, A. Islet cell antibodies. In: The Immunology of Endocrine 
Diseases, ed.: A. McGregor, MTP Press Ltd., Lancaster, pp.73-88 (1986). 
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16 Lemmark, A., Markholst, H., and Baekkeskov; S. Circulating signs of immune islet disease. In: The 
Pathology of die Endocrine Pancreas in Diabetes, eds.: P. Lefebvre, and D. Pipeleers, Springer Verlag, 
Heidelberg, pp. 53-70 (1987). 

17~ Lemmark, A., LL, S., Baekkeskov, S., Christie, rvL, Michelsen, B., Ursing, J;, Landin-Glsson, M., and 
Sundkvist, G. Islet specific immune meduuiisms. Diabetes/Metabolism Reviews 3, 959-980 (1987). 

18. Michelsen, B., Baekkeskov, S., Herold, B., Christie, M., and Lemmark, A. Autoimmune aspects of 
insulin-dependent diabetes mellitus. J. Japan Diabetes Soc 30, 1077-1085 (1987). 

19. Baekkeskov, S., Chang, C, Garrels, J.I.; and Hanahan, D. Identification of proteins involved in B-cell 
growth using a transgenic mouse model developing B-cell tumors. In: Lessons in Animal Diabetes II, eds.: 
E. Shafrir and A.E. Renold, J. Libbey Co„ London, pp. 174-178 (1988). 

20. Baekkeskov, S., Markholst, H., and Christie, M The 64 KD islet cell target antigen of humoral 
autoimmunity associated with IDDM in man and in the BB-rat. In: Lessons in Animal Diabetes II, eds.: 
E. Shafrir and A.E Renold, J. libbey Co., London, pp. 40-45 (1988). • • •• 

2L Lemmark A., Markholst, H., Laursen, H., Contreas, G., Altieri, M., Baekkeskov, S., Herald, K., 
Kastern, W., and Madsen, O.D. Studies on spontaneous and streptozotocin-induced diabetes in the rat 
and mouse. In: Joumees de Diabetologie de l*Hotel-Dieu, ed.: M Rathery, Flammarion Medicine 
Sciences, Paris, pp. 15-31 (1988). 

22. Michelsen, B., Grove, A., Vissing, H., Kofod, H., Baekkeskov, S., Christie, M., Skak Pedersen, M-, and 
Lemmark, A. Modem concepts of diabetes and its pathogenesis. In: International Handbook of Pancreas 
Transplantation, eds,: J.M Dubemard and D.E.R. Sutherland, Kluwer Academic Publishers, pp. 13-24, 
(1989). 

23. Baekkeskov, S. and Christie, M Characterization of the 64kD membrane autoantigen in pancreatic B- 
cells. In: Current Communications in Molecular Biology, Perspectives on the Molecular Biology and 
Immunology of the Pancreatic B-CelL eds.: D. Hanahan,. McDevitt and G.C Cahill, Cold Spring 
Harbor Laboratory Press, pp. 181-186 (1989). 

24. Baekkeskov, S., Aagaard, L., Moller-Thousig, L., Schierbeck, H., Christgau, S., Sigurdsson, E., Niu, Z., 
Andersen, A.B., and Richter-Olesen, H. The B-cell autoantigen - which one may be relevant? Iru 
Diabetes 1988, eds.: R.G. Larkins, P.Z. Simmet and D.J. Chisholm. Excerpta Medica, Amsterdam, pp. 
111-114(1989). 

25. Sigurdsson, E. and Baekkeskov, S. The 64kDa f>cell membrane autoantigen and other target molecules of 
humoral autoimunity in insulin-dependent diabetes mellitus. Current Topics in Microbiology and 
Immunology 164, 143-167 (1990). 

26. Aanstoot, H.-J., Michaels, A., Christgau, S., Shi, Y.< Kim, J., and Baekkeskov, S. Stiff-man syndrome 
and type-1 diabetes mellitus: Similarities and differences in autoimmune rections. IN: Motor Unit 
Hyperactivity States, ed.: Layzer, R.B., Raven Press , pp. 53-67 (1993). 

27. Baekkeskov, S., Aanstoot, H.-J-, Fu Q., Jaffe, M., Kim, J., Quan, J., Richter, W., and Shi, Y. The 
glutamate decarboxylase and 38kD autoantigens in type 1 diabetes: Aspects of structure and epitope 
recognition. Autoimmunity 15 (SuppL) 24-26, 1993. 

28. Shi, Y., and Baekkeskov, S. Postrranslational modifications of the autoantigen glutamic acid 
decarboxylase, GAD65. Iru Diabetes 1994, eds.: S. Baba and T. Kaneko. Elsevier Science B. V., 
Amsterdam, pp. 111-115 (1995). 
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29. Kash, S., Condei, B., and Baekkeskov, S. GABA in brain and pancreas: Lessons from knock-out mice. 
Hormone and Metabolic Research 31, 340-344, 1999. . .. 

30. Baekkeskov, S. Kanaani, J v Jaume, J. C., and Kash, S. Does GAD have a unique triggering role in IDDM? 
t „J» Ay tpirjmuTU^.15, 27^, v 2000, 1. y _ _ v _. 

Book Editing: 

1. Baekkeskov, S. and Hansen, B. ; Current Topics in Microbiology and Immunology, Vol 164;: Human 
Diabetes: Genetic, Environmental and Autoimmune Etiology. Springer- Verlag, Heidelberg, pp. 1-198 
(1990). 
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DlAMYD 

MBOIOAt 

Press Release 

Stockholm, April 11, 2003 

Diamyd Medical to present Phase II results with diabetes vaccine in June 

Diamyd Medical (O-list) is developing a GAD vaccine for insulin-dependent diabetes. 
The company plans to present results from its Phase II trial with the vaccine during 
the American Diabetes Association Congress in New Orleans, June 13-17, 2003. The 
stud/s main aims are, in the first place, to investigate the safety of the vaccine and 
in the second place to obtain an indication of the vaccine's efficacy. It is Diamyd 
Medical's ambition, if the Phase II trial is successful, to seek co-operation with an 
established pharmaceutical company for further comercialization of the vaccine and in 
doing so to achieve a positive cash How. 

Diamyd Medical has been conducting a Phase II study since May 2001 on 48 orally treated diabetes 
patients who have antibodies to GAD. The GAD antibodies indicate that an autoimmune process is 
underway, that eventually will destroy the patient's insulin-producing cells by which time patients will 
be dependent on daily insulin injections. The Diamyd vaccine is intended to prevent this development 
so that patients continue to produce their own insulin. This Phase II study, the results of which are 
expected to be available in June, is aimed in the first place to investigate if the vaccine is safe to 
administer as well as to provide an indication of the vaccine's effect at various dose levels. The study 
is double-blind and placebo controlled, that is nobody knows who has received the active vaccine or 

the placebo. ^ 
"We are working to be able to break the code in June and present the results of the study dunng the 
American diabetes conference, which this year is being held in New Orleans June 13-17," says 
Anders Essen-M6ller. This event is usually attended by some 8,000 doctors and scientists and we 
hope to reach out with our results to them " 

About Diamyd Medical: 

Diamyd Medical's business idea is to identify and develop pharmaceutical projects up to and 
including Phase II. At present Diamyd Medical is running a number of GAD-based development 
projects and has the licensed rights for this from universities in the US. The Company's project that 
has come farthest is a vaccine for insulin-dependent diabetes. 

The projects will then be sold or licensed to major pharmaceutical companies for further 
commercialization. The development and marketing of related diagnostic tests and substances 
takes place in parallel to promote contact with researchers and prepare the market for the impending 
pharmaceuticals. 



For further information, please contact: 

Johannes Falk, Diamyd Medical AB (publ), 

Phone: +46 8-661 00 26, +46 8-661 12 25, 

fax: +46 8-661 63 68, or via e-mail: info@diamyd.com 

No guarantee is given or implied for the accuracy of any statements on present, historical or future 
results. 
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Press Release 

Stockholm, April 28, 2003 ' 

Major potential for Diamycf s diabetes vaccine 

Diamyd Medical (Olist) reports that the last patient samples have been taken today in 
the ongoing six month's Phase II study with the GAD-based diabetes vaccine, . 
Diamyd™. Diamyd Medical is planning to present the results from the study at the 
American Diabetes Association scientific congress in the US between June 13 and 17. 
The first application of the vaccine is seen to be preventing diabetes patients being 
treated with insulin in tablet form from becoming dependent on injections. Further 
applications are expected to be the prevention of insulin dependency in children and 
young people who run the risk of developing the illness and increasing Jhe survival 
capability of insulin producing cells after transplantation. 

The first diabetes patient was injected with the Diamyd diabetes vaccine in May 2001. Since then, a 
total of 47 patients have been included in Diamyd Medical's clinical Phase II study that has been 
carried out in both MalnriS and Stockholm. Each patient has visited the hospital ten times during a 
six-month period so that samples could be taken. Extensive analysis of the samples have been 
carried out by experts in the US, the UK and Sweden. Apart from the safety aspects of the vaccine, 
both metabolic and immunological parameters are thoroughly monitored aimed at obtaining an 
indication of the vaccines function and efficacy. "Today another milestone has been passed with the 
last four patient samples being taken in the six-month study" says CEO Anders Essen-Mdller. "We 
look forward with great interest to the results that are expected to be published in June at the 
American Diabetes Association conference in New Orleans" 

The first category for the vaccine is seen to be those diabetes patients with antibodies against GAD 
who are being treated with tablets. The annual market for this patient category is estimated to be SEK 
5-10 billion There are similar markets if the vaccine can be developed to prevent insulin-dependent 
diabetes in children and young people. 

About Diamyd Medical: 

Diamyd Medical's business idea is to identify and develop pharmaceutical projects up to and 
including Phase II. At present Diamyd Medical is running a number of GAD-based development 
projects and has the licensed rights for this from universities in the US. 



For further information, please contact: 

Johannes Falk, Diamyd Medical AB (publ). 

Phone: +46 8-661 00 26, +46 8-661 12 25. 

fax: +46 8-661 63 68, or via e-mail: info@diamyd.com 

No guarantee is given or implied for the accuracy of any statements on present, historical or future 
results. 
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NEW CLINICAL TRIAL IN NEWLY DIAGNOSED TYPE 1 DIABETES 

HOUSTON, TEXAS 



THE UNIVERSITY OF TEXAS DIABETES RESEARCH GROUP 
NEWSLETTER presents new information on studies of oral (ingested) type 
I interferon. The Endocrinology Divisions in both Internal Medicine and 
Pediatrics are now recruiting newly diagnosed type 1 diabetes patients in a 
phase II randomized, double-blind, parallel-design clinical trial to determine 
whether ingested (oral) human recombinant IFN-a will prolong the 
•honeymoon 1 period. We have demonstrated that ingested IFN-a prevents 
type 1 diabetes in the NOD mouse. Ingested IFN-a also prolongs the 
'honeymoon' period in newly diagnosed type 1 diabetics in phase I open 
label clinical trial recently completed here at UT-Houston. The natural 
history of type 1 diabetes is unique for a phase frequently referred as the 
"honeymoon", a period in which the insulin need becomes minimal and 
glycemic control improves, the b cell partially recovers. However, as with 
all honeymoons, they end and the patient becomes completely insulin- 
deficient The general consensus of the international diabetes community 
is to test potential preventive therapies for type 1 diabetes in newly 
diagnosed patients. Prolongation of the honeymoon as the reversal of the 
disease is considered a positive result. 

Entry criteria include male or female type 1 diabetes patients requiring 
insulin within one month of diagnosis between the ages of 3-25 without 
concurrent diseases. Eighty eligible patients will be randomized into one of 
two treatment arms - the active treatment arm will ingest 30,000 units IFN-a 
daily and the non-active treatment arm will ingest placebo (saline) for one 
year. 

Prior to enrollment into the study (within 1 month of diagnosis), patients 
will be evaluated in the UT University Clinical Research Center at Hermann 
Hospital with a complete medical exam and routine blood tests. Patients 
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will be seen monthly for the first three months, and every three months 
thereafter. Primary outcome measures will be a 30% increase in C-peptide 
levels released after Sustacal stimulation at 3, 6, 9, and 12 months after 
entry. If successful, this will lead to a larger and longer phase III trial of 
prevention of type 1 diabetes in high risk patients. 

We appreciate your help in referring patients, to our Diabetes Research 
Group. Your efforts allow patients the opportunity to be involved in cutting 
edge clinical trials. There is no charge to your patients. Patients will 
continue to be followed by their private endocrinologist for optimization of 
glycemic control during the course of the study. This trial will require trips 
to Houston at entry and at months 1 , 2, 3, 6, 9, and 12 for testing. 

If you have or know of patients that might wish to participate in this clinical 
trial outlined above, please call any of the numbers below. 

Staley A. Brod, MD Principal Investigator -71 3 500-7046 or 71 3 . 
500-7050, Fax:713-500-7041 (PI) 

Phil Orlander, MD Adult Endocrinology - Co- Principal Investigator 
713-500-6646 

Victor Lavis, M.D. Adult Endocrinology 

Patrick Brosnan, M.D. Pediatric Endocrinology - 713-500-5646 
Lucie Lambert, Asst. to Dr. Brod 713 500-7050. 
The University of Texas - Houston. 

Department of Pediatrics, Internal Medicine, and Neurology (Immunology) 
6431 Fannin St 
Houston, Texas 77030 

LINKS ABOUT THIS INVESTIGATOR AND CLINICAL TRIAL - 

About Dr. Brod 

More about Dr. Brod - 1981 

How to participate in a study at the University of Texas - Houston 



DO YOU WANT TO TALK ABOUT IT? 
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Anti*CD3 Monoclonal Antibody in New-Onset Type 1 

Diabetes Mellitus 

Kevan C. Herold, M.D., William Hagopian, M.D., Ph.D., Julie A. Auger, B.A., Ena 
Poumian-Ruiz, B.S., Lesley Taylor, B.A., David Donaldson, M.D., Stephen E. Gitelman, 
M.D., David M. Harlan, M.D., Danlin Xu, Ph.D., Robert A. Zivin, Ph.D., and Jeffrey A. 

Bluestone, Ph.D. 



ABSTRACT 

Background Type 1 diabetes mellitus is a chronic autoimmune 

disease caused by the pathogenic action of T lymphocytes on 

insulin-producing beta cells. Previous clinical studies have 
shown that continuous immune suppression temporarily slows 

the loss of insulin production. Preclinical studies suggested that 
a monoclonal antibody against CD3 could reverse 

hyperglycemia at presentation and induce tolerance to 

recurrent disease. 

Methods We studied the effects of a nonactivating humanized 

monoclonal antibody against CD3 — hOKT37l (Ala-Ala) — on 

the loss of insulin production in patients with type 1 diabetes 
mellitus. Within 6 weeks after diagnosis, 24 patients were 

randomly assigned to receive either a single 14-day course of 

treatment with the monoclonal antibody or no antibody and 

were studied during the first year of disease. 

Results Treatment with the monoclonal antibody maintained or 
improved insulin production after one year in 9 of the 12 

patients in the treatment group, whereas only 2 of the 12 

controls had a sustained response (P=0.01). The treatment 

effect on insulin responses lasted for at least 1 2 months after 

diagnosis. Glycosylated hemoglobin levels and insulin doses 
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were also reduced in the monoclonal-antibody group. No 
severe side effects occurred, and the most common side 
effects were fever, rash, and anemia. Clinical responses were 
associated with a change in the ratio of CD4+ T cells to CD8+ 
T cells 30 ahdWaays after treatment. 

Conclusions treatment with hOKT37l (Ala-Ala) mitigates the 
deterioration in insulin production and improves metabolic 
control during the first year of type 1 diabetes mellitus in the 
majority of patients. The mechanism of action of the afiti-CD3 
monoclonal antibody may involve direct effects on pathogenic 
T cells, the induction of populations of regulatory cells, or both. 

Source Information 

From die Naomi Berrie Diabetes Center and the Department of Medicine, Division of Endocrinology, College of Physicians • 
and Surgeons, Columbia University, New York (K.C.H., E.P.-R., L.T.); Pacific Northwest Research Institute, Seattle (WJL); 
the University of Chicago, Chicago (J.A.A.); the University of Utah, Salt Lake City (DJX); the Departments of Pediatrics 
(S.E.G.) and Medicine (JAB.), University of California at San Francisco, San Francisco; die National Institute of Diabetes 
and Digestive and Kidney Diseases, Bethesda, Md. (D.M.H.); and the R.W. Johnson Pharmaceutical Research Institute, 
Raritan, N J. (D JC, RJ^L). 

• • 
Address reprint requests to Df. Herold at Columbia University, 1 150 St Nicholas Ave., New York, NY 10032, or at 

kh3 ISfficolumbia.edu . 

Full Text of this Article 
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A Phase II, multiple dose treatment of Type 1 diabetes with hOKT3Y-l (Ala-Ala 
Principal Investigator: Kevan Herotd, Columbia University 
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Abstract 



Objective: The objective of this proposal Is to study the Immunologic effects of human! 
non-binding antl-CD3 mAb on immune responses associated with Type 1 diabetes (T1DI 
develop this therapy to prevent the immune destruction leading to beta cell loss. 

Basis/Rationale: Studies of the natural history of T1DM indicate that 100% of Indlvldu 
the disease still make detectable Insulin even after the first year of diabetes but lose tht 
completely over the next 5 years. Retention of the ability to produce any insulin endoge 
results In Improved clinical control of the disease, and therefore, reduced secondary 
complications. In the NOD mouse, antl-CD3 mAb reversed hyperglycemia after present* 
hyperglycemia, induced long lasting protection from disease in the absence of contlnuot 
treatment, and prevented recurrent diabetes In recipients of Islet allografts. Pre-cllnlcal 
FcR non-binding anti-CD3 mAb suggest that the mAb selectively anerglzes activated Th: 
possibly by delivering an altered TCR signal. Thl cells are thought to be Involved In T1D 
are most prevalent in the Islet at the late stages of the disease, thus suggesting the bas 
efficacy of anti-CD3 mAb even after presentation. We have been conducting a Phase I/t 
this agent In patients with new onset T1DM. The drug has been well tolerated and does 
the toxicities of OKT3. Our studies have suggested a dosing regimen appropriate for Phi 
trials and mechansms that may account for the mAb effect. 

Significance: The trialformally tests the hypothesis, that In man, T1DM is mediated by 
lymphocytes. This drug may be of valuefor treatment of T1DM and prevention of Its reci 
Islet allografts. Relevance of Immune Tolerance: In mouse studies, the drug induces tod 
T1DM. This study will test the same in man, and develop a protocol that will maintain to 
islet cells. 

Clinical Protocol Summary: In this Phase II protocol, the mAb will be administered or 
1, 2, or 3 occasions during the first 1 1/2 years of disease. This protocol differs from th€ 
Phase I, single treatment protocol in that repeated administration of the mAb Is utilized 
the effects of the mAb in a manner analogous to repeated administration of a vaccine. C 
responses of the treated groups (n=24 in each) will be compared to untreated patients. 

Mechanistic Studies: The planned mechanistic studies. Included in this proposal are sf 
questions pertaining to the immunologic effects In diabetes, and will determine how the 
works and how to best utilize it for treatment. The studies test three mechanisms to acc 
the actions of the drug. First, that pathogenic T cells are deleted from the repertoire by 
treatment. Second, that the drug anerglzes specific populations of T cells, most likely IT 
cells including those cells responsible for islet antigen recognition. Third, that subpopula 
cells activated by mAb (i.e. CD69+ or CD25+) represent a regultory population that ma 
the function and/or effects of autoimmune effector cells. In addition to these studies, sa 
and clinical Information from this trial should facilitate studies using tolerance assays of 
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COLLAGEN-INDUCED ARTHRITIS IN RATS: ANTIGEN-SPECIFIC SUPPRESSION OF 
ARTHRITIS AND IMMUNITY BY INTRAVENOUSLY INJECTED NATIVE TYPE II COLLAGEN 1 

MICHAEL A. CREMER. 2 ALFRED D. HERNANDEZ. ALEXANDER S. TOWNES. JOHN M. STUART, and 

ANDREW H. KANG 

From the Veterans Administration Medical Center and the Department of Medicine and Biochemistry, University of Tennessee Center for the Health 

Sciences. Memphis, TN 38104 



Collagen-induced arthritis (CIA) developed in 70 to 90% 
of rats immunized with heterologous type II collagen. CIA 
was reduced to 0 to 18% when rats were injected Lv M i.e., 
pre treated, with 1 mg of soluble native type II collagen 
before immunization. Concomitant with the suppression 
of CIA were significant suppression of IgM, IgG, and 
delayed-type hypersensitivity (DTH) responses to type II 
collagen. Suppression of CIA and Immunity to collagen 
was antigen-specific, related to dose and route of admin- 
istration, and occurred only when 1 mg of collagen was 
injected Lv. either 32, 7, or 4 days before, or 7 days after 
immunization. Once CIA was established, however, nei- 
ther arthritis nor immunity could be suppressed. 

To determine if adjuvant-induced arthritis (AIA), like 
CIA, could be suppressed by i.v. pretreatment with type II 
collagen, rats were given 1 mg of type II collagen or PBS 
Lv. before injection with mycobacteria and oil. AIA was 
not suppressed, and arthritis appeared in both groups at 
a similar incidence and severity. Sera from 26 rats with 
severe AIA that was collected between days 14 and 35 
after injection were assayed for IgG to homologous rat 
type II collagen and were found to be negative. 

These findings further support the hypothesis that CIA 
in rats is mediated by immunity to type II collagen and 
also suggest that CIA and AIA have different primary 
pathogenic mechanisms. 

Collagen-induced arthritis (CIA)? is an experimental model of 
inflammatory polyarthritis that can be induced in 70 to 90% of 
susceptfrle rats (1-18) or mice (19-21) by sensitizing them with 
heterologous native type II collagen. In addition to arthritis, 
approximately 14% of rats also develop inflammatory auricular 
chondritis that histologically resemble the lesions found in re- 
lapsing polychondritis ((M0). 
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dermal: MAI. maximum arthritis index; OVA. ovalbumin; R0, native rat type 11 
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Although the exact pathogenic mechariism(s) remain to be 
defined, substantial evidence exists finking CIA with the immune 
response to type II collagen. Investigators from this laboratory 
(1-4) and others (5-7) have shown that sera from rats with OA 
contain significantly higher titers of antibody to type II collagen 
than sera from sensitized rats that faied to develop disease. 
Furthermore, we have shown a temporal relation between the 
onset of CIA and the presence of circulating IgM and IgG 
immunogfobulins and lymphocytes reactive with native type II 
ooOagen (4). Additional evidence supporting an tmmune-rnerJated 
pathogenesis of CIA includes the adoptive transfer of arthritis to 
naive recipients (11), abrogation of disease by depleting serum 
complement (C) with cobra venom (12), modulation of CIA with 
immuTiostimulatory and tmmurosuppressrve agents (13), sup- 
pression of CIA by i.v. injection of collagen-coated spleen ceils 
(14), and most recently the passive transfer of CIA to naive 
recipients by using specific IgG prepared from sera ol rats with 
acute arthritis (15, 16). 

Reported here are studies showing that a single injection of 
soluble type II collagen, given i.v., before or shortly after intra- 
dermal (i.d.) challenge with an arthritogenic preparation of type 
II colagen, was highly effective and specific n suppressing CIA 
and immunity to type U collagen. In contrast, an i.v. injection of 
type II collagen had no effect on the incidence or severity of AIA. 
These findings further support the hypothesis that CIA In rats is 
mediated by "immunity to native type II colagen and also suggest 
that CIA and AIA have different primary pathogenic mechanisms. 

MATERIALS AND METHODS 

An/mate. Outbred female Wlstar rats (Charles River Breedftg Laboratories, 
Inc.. Wlrntngton, MA or Harlan Sprague-Dawtey. Irtfartapofis. IN) weighing 
between 100 and 125 gm were used for these stufee. Rats from both 
suppliers developed CtA at the same Iricidenca art produced vt^ 
IgG responses to type 1 colagen. Rats were rxx^ in groups erf fwe in wire- 
bottomed metal cages and ted standard laboratory chow and water ad flbtfum. 

CcBagen preparation. Native bovine (Bfl), chick (CD), and rat (RID type I 
colagens were soiubilzed by Smrted pepsin olgesbon of fetal bovine carttage, 
chick sterna, and rat chc>rK*rc«ajT»rna tumor, respectively; and were purified 
as described (31 Native bovine type I ooOagen (BI) was soJubffized by pepsin 
digestion of fetal bovine skin (1). Purity of coOagen was determined by amino 
ackJ analysis, sodium dodecyl sulfate pctyaoyamide gel electrophoresis, and 
uronfc acid analysis. 

Protocol to modify CIA by Lv. Infection of sotub&zed type II cottagen. To 
determine whether the incidence, severity, or duration of CtA could be 
mooSfied by injection of soluble type U cotagen without incomplete Freund's 
adjuvant (IF A), rats were injected Lv. with a solution of type II colagen in 
DTKisphate-buffered safine (PBS) pH 7 .2. This procedure wl herein be referred 
to as pretreatment. To determine the effect of pretreatment on the course of 
CIA, rats were immunized with Bit Imrmjnizatlon wi be referred to as 
challenge. The dose of colagen given Lv. and time of pretreatment relative 
to chaftenge were varied Oependhg on the design of the experiment 

Preparation of soluble antigens for i.v. injection. Solutions of colagen for 
Lv. Injection were prepared as follows. Native CO. BH, or Bl colagens were 
dissolved overnight at 4"C in 0.1 M acetic add (1.2 mg/mf). dteryzed in PBS, 
and centrifuged at 100.000 x G for 30 min to remove any insoluble coOagen. 
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The concentration of collagen in the supernatant was determined by hydrox- 
yproine content and was adjusted to 1 mg/ml before i.v. injection. One group 
of rats was infected Lv. with 1 mgof 5x recrystalized ovalbumin (OVA) (Sigma 
Chemical Co.. St Louts. MO) that was cSssotved directly into PBS (1 mg/rnl). 
Intravenous injections were made via the lateral tai vein. 

Immunization protocols. CtA was induced by immunizing rats with native 
Bit that had been dissolved overnight at 4°C k\ 0.1 M acetic acid (4 mg/ml) 
and emulsified with an equal volume of IFA (Difco Laboratories, Detroit Ml). 
Rats were injected I d. twice with 200 ?g of emulsified BU. The first injection 
was made in a hind metatarsal footpad; the second, 7 days later, into the 
proximal one-third of the tafl. In one study, rats were Injected first with Bll 
emulsified In complete Freund's adjuvant (CFA) (Dcfco Laboratories) and then 
reinjected with BO/IFA 7 days later, inmujntzation with Bl or OVA in IFA was 
performed in an identical manner as BU. 

Adjuvant arthritis was induced by injecting rats id. at the base of the tai 
with 250 >ig of rnycobacteria suspended in 0.05 ml of heavy mineral oi (E. R. 
Sqiibb and Sons. Princeton, NJ). Mycobacteria strains C.D.T. and P.N. were 
obtained from the Ministries of Agriculture, Fisheries and Food. Weybridge, 
Surrey, England, and were ground In an agate mortis and pestle with oi 
shortly before injection. 

Determination of severity of arthritis. Rats were examined daly between 
days 10 and 26 for the presence and severity of cSsease. Afterward they 
were examined 2 or 3 times per wk for an additional 2 to 3 ma Any rat 
developing OA within the 4-mo duration of the study was included in 
calculations of Incidence, onset, and severity of disease. 

Severity of arthritis was determined subjectively by gracing each fmb on 
a scale of 0 to 4 as described (4). The maximum arthritis index (MAI) was 
calculated for each rat as the sum of the greatest score recorded for each 
fimb. Thus, a score of 0 represents the absence of arthritis, and scores of 1 
and 16 the mildest and worst disease, respectively. The MAI per group was 
calculated by the formula: number of arthritic rats x the mean MAI -s- by 
number of rats In the group. 

Co/lection of Mood. Blood was obtained by venipuncture of the external 
jugular vein whle rats were under fight ether anesthesia. Blood was dotted 
at 4°C overnight and serum stored at -70°C until assay. 

Antibody assay. IgG antt-co&agen antibody was measured by an enzyme- 
finked irmwrosorbent assay (BJSA) system described by Remard ef af. (22) 
following rranor modifications. Briefly, coiagens or OVA were adsorbed to 
polystyrene rnicrotiter plates (Nunc. Neptune. NJ) overnight at 4°C after being 
dissolved in 0.15 M potassium phosphate buffer, pH 7.6 (5 nQ/ml)- Plates 
were washed with 0.1 5 M NaCt (saline) containing 0.05% Tween 20. Samples 
of 1 00 jtl of rat sera were added to dupftcate wefts after cSution in 0.1 MTris- 
Hd buffered saJne. pH 7.50, supplemented with 1% newborn calf serum and 
05% Triton X-100. After a 1 -hr incubation at 25*C, sera were removed, and 
the plates were washed. Peroxidase-conjugated goat anti-rat IgG (Cappel 
Laboratories, Cochrarrvffle. PA) was added at a predetermined caution and 
incubated 90 min. After a final wash, 100 fJ of orttophertytenetfarrrine (OPD) 
substrate (40 mg OPD m 100 ml phosphate/citrate buffer. pH 5.0 and 40 fJ 
of 30% HA) were added to each wel. Cotorimetric reactions of dupfcate 
samples were read 1 hr later at 490nmbyusirigaOynatecf)MR580Moro^ 
Autoreaderpynatech, Alexandria. VA) and were expressed as absorbance. 

IgM antl-colagen antibody was measured by a modification of the proce- 
dure used to measure IgG. After rat sera were washed from the plates, rabbit 
anfi-rat IgM (Mies Laboratories. Kankakee. IL) was added and incubated for 
1 hr. The plates were then washed, and peroxttase-conjugated Fc-specHc 
( goat anti-rabbit IgG (Cappel Laboratories) was added as before. Ninety 
minutes later, the plates were washed and processed as described for IgG. 

Serum dSutions of 1/100 and 1/1000. respectively, were used routiner/ to 
assay tor IgM and IgG antibody in colagen-injected rats. Normal sera assayed 
at dilutions of 1/10-1/1000 yielded absorbance values of 0.003 to 0.012 for 
IgG and 0.040 to 0.050 for IgM. Sera from adjuvant-injected rats were 
assayed for anti-Rll IgG at a dlution of 1/10. 

This EUSA system is highly sensitive and able to detect affinity-purified 
rat anti-BU IgG at a concentration of < 10 ng/ml (absorbance 0.1 18); normal 
rat IgG (Cappel Laboratories) gave an absorbance roacSng of 0.013 when 
assayed at 10 ng/ml. 

Measurement of delayed-type hypersensitivity (DTH). DTH was measured 
as the change m ear thickness (23) in millimeters (A mm) 48 hr after i.d. 
injection of 20 ng of BQ dissolved in 0.02 ml of PBS. The opposite ear was 
injected with en equal volume of PBS and served as a control Measurernents 
were made with an engineer's micrometer and were expressed as the 
difference in thickness between cotagen- and PBS-4njected ears. Injection of 
BU Into the ears of naive rats produced only negBgtote swelling (A 0.05 mm. 
i.e.. 0.56 mm thickness projection; 0.61 mm 48 hr pcst-injection). 

Measurement of etl in venous blood after /.v. infection. Clearance of 
imrnunoreactive Bll from the circulation after i.v. injection was measured 
indirectly by BJSA by utilizing an inhibition assay. Rats were injected i.v. with 
1 mg of BU, and blood was collected at regular intervals from the external 
jugular vein in heparinized syringes. A sample of 0.3 mt of whole blood was 
then mixed with 0.3 ml of diuted rat enfrBU serum. Equal amounts of blood 
from a noninjected donor or PBS served as controls. The mixtures of blood 
and antiserum were shaken gentry on a platform rocker at 4 °C for 1 hr. After 
centrifugation. 0.1-ml samples of the supematants were added to microliter 



plates coated with BU and were assayed as described. Sufficient ernounts of 
blood were avaBabte from five bteeolngs to study the inrtbHory activity of 
piatetot-free plasma; normal plasma was used as a control in this instance, 
tnhfcitory activity was not detected in whole blood or plasma obtained from 
normal rats. The percent Inhibition was calculated by the formula: 

% Inhibition 

^ Absorbance anti-Bll serum + Bit-injected rat blood or plasma x ^ 
Absorbance anti-Bll serum + normal rat blood or plasma 

Statistical analysis. Statistical significance of data was determined by using 
the x a test with Yates correction or Student's t-test for noripained samples. 
Results are expressed as mean values ± standard error of the mean (SE). 

RESULTS 

CtA is specifically suppressed by Lv. injection of type II colla- 
gen. To determine whether the clinical course of CIA or the 
immune response to type II collagen could be modified, rats 
were injected Lv. with a single 1-mg dose of native Bll or CD 
collagen dissolved in 1 ml of PBS (groups I and II). Control rats 
(groups III through IV, respectively) received 1 mJ of PBS or 1 
mg of OVA or Bi dissolved in 1 ml of PBS. After a 7-day rest, al 
rats were challenged with BII/IFA. The results in Table I show 
that the incidence of arthritis was significantly reduced only in 
rats pretreated with Bll or CD. In group I, only two of 11 rats 
developed CIA after challenge. One rat had mild, transient ar- 
thritis affecting a single hind limb (MAI, 3), and the other rat had 
severe arthritis involving 3 Bmbs (MAI, 11). None of the rats in 
group II given Lv. CH developed arthritis after challenge with Bll/ 
IFA. Six rats from group I that failed to develop OA had their 
ankles examined histologically for evidence of subcfinicaJ arthritis 
and were found to be normal. 

Rats in groups IV and V pretreated with antigens other than 
type II collagen were not protected, and arthritis developed in 
both groups at a similar incidence, severity, and day of onset as 
PBS controls (group III). These values for groups 111— V are 
comparable to those previously reported in rats challenged with 
BII/IFA without Lv. pretreatment (3, 4, 9). 

Anti-collagen anttoody levels corresponded directly with the 
presence or absence of arthritis. IgM and IgG antibodies to Bll 
and IgG cross-reactive with homologous Rll were significantly 
depressed in rats pretreated with Bll or CH (groups I and II). 
Suppression of anti-Bll antibody was also examined by titering 
sera obtained 28 days after challenge from eight nonarthritic and 
eight arthritic rats (groups 1 and III. respectively). The rats in 
group I had a mean titer of 200 (range < 50 to BOO) vs 51 ,200 
(range 12.800 to 1 04,800) for arthritic rats in group III (P<0.001) 
when titer was defined as the first serum dilution yiekfing an 
absorbance value of < 0.075. Finally, the mean anti-Bll IgG value 
of nonarthritic rats from group I was compared with that of the 
five nonarthritic rats from groups III, IV, and V and was found to 
be significantly lower (0.047 ± 0.049 vs 0.581 ± 0.089, respec- 
tively, day 28. P < 0.001 ). The two rats in group I that developed 
arthritis after pretreatment had antibody levels that correlated 
with the severity of their arthritis (0.260 and 0.647). DTH re- 
sponses measured by skin test reactivity to Bll were also sig- 
nificantly depressed by Lv. pretreatment with Bll (Table I)- 

Intravenous pretreatment with Bll does not inhibit immunity to 
unrelated antigens. To determine if suppression of irnmunity to 
Bll was specific and not due to an inhibitory or toxic property 
pecu&ar to type II collagen, six groups of rats were pretreated 
with Bll or PBS before being sensitized with Bl. OVA. or Bll 
(Table II). The protocol for this study was identical to the one 
previously described except that rats in group X were challenged 
first with Bll in CFA. 
Pretreatment with Bll suppressed immunity to only Bll and 
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TABLE I 

Svppfesston of CtA and Immunity to type Bcoii^ 





i 


l 


m 


IV 


V 


Lv. Pie tieatment 


BU 


CO 


PBS 


OVA 


Bl 


tnddanooofOA 
X Day of onset 
MAI 

Arthritic rats 

Per group 
IgM toMday 16* 
IgG to BO day 16 
IgG to B8 day 28 
IgG to R* day 28 
DTH to Bl day 30* 


2/11* 
16.012.0 


0/10* 
0 


8/10 
13.4 ±0.8 


9/10 

12:4 ±0.3 


9/10 

12.3 ±0^ 


7.0 ±4.0 
1.3 

0.088 ±0.022* 
0.028 ± 0.012* 
0.190 ± 0.05T 
0.114 ±0.059" 
0.32 ± 0.060" 


0 
0 

NOT 
NO 

0.162 ±0.048° 
0.130 ±0j045« 
ND 


6.9 ±0^ 
5.5 

0.363 ± 0026 
0.241 ±0.028 
0.710 ±0.051 
0710 ±0.050 
1.15 ±0.13 


8.4 ± 1J2 
7.6 

0.487 ±0.055 
0.374 ±0.050 
0.750 ±0.07 
0.748 ±0.076 
NO 


81 ±05 

6.5 

0.310 ±0.042 
0.307 ±0.070 
0.660 ± 0D87 
0.664 ± 0067 
NO 



* Seven days before Id. chaflenge with BB/tFA, rats were pretreeted Lv. with 1 rrig of Bl. CI. OVA, or Bl Ossorved In 1 ml of PBS. Rats In group ID received 1 ml of 
PBS l-v. Chalenge b described in Materials and Methods. 

*P<0.01 « groups W-V. 

* P < 0.001 vs groups W-V. 

* Antibody was measured by EUSA and expressed as absorbance. Values shown are the mean absorbanoes of arthritic and nonerthrttte rats in each group ± SE 
Antibody to Bl was not detected in normal sera or the sera of six rats p>en L v. BH 1 4 days carter but not challenged with BM/IFA. 

4 Not done. 

' DTH was measured by injecting on ear Id. with 20 pg BK and the other with PBS. Values shown represent A In swefing in mttmeters of study ear minus mUme t era 
of control 48 hrwkhLd. injection. DTH studies were performed on a separate group of rats (groups XV and XVW, Table IV) pretreatdd Lv. with 1 mg of BU or 1 ml of 
PBS before chalenge with Bll/IFA. Only one of 10 BtHvetreated rats developed CIA vs cig/rt of 10 controls. 



TABLE U 

Studies showing the spociftcXy of suppression induced by Bir 



Group 


trestntnt 
O.y-7 


Crtafenge 
DayO Day +7 


irooBnov of 
Aftfvlds 


IgQ Response to R*- 
spacttv* brvnunogert* 


VI 


Bl 


BI/IFA 


BI/IFA 


0/8 


1.034 ±0.3? 


VM 


PBS 


BI/IFA 


BI/IFA 


0/8 


0.972 ± 0.040 


via 


Bl 


OVA/IFA 


OVA/IFA 


0/6 


0425 ± 0.04r 


IX 


PBS 


OVA/IFA 


OVA/IFA 


0/6 


0.340 ±0.036 


X 


Bl 


BU/CFA 


BI/IFA 


0/10 


0.036 ±0.008* 


XI 


PBS 


Bll/IFA 


BI/IFA 


8/10 


0.753 ±0.036* 



imrrajnteation with Bl, OVA, or BU in IFA. - 

• Blood was coftected 28 days after first chalenge. Vatues are mean absorbance 
por group ±SE. 

• Not sign»cant vs PBS control 
*P<a001. group XvsXJ. 

• IgQ cross-reactive to R* was 0.037 ± 0.008 and 0.750 ± 0.038 for groups X 
end XI; respectively. 

TABLE II 

Effect of fJme inferva/ between Lv. infection of B// and challenge on the course of 

OA* 



Group 


Iryocfaon 

M 


DayofUfcijeo- 
tion fCtuiengt 


ndd&nos of Ar- 
thritis 


IgQ Response* 
Day +28 


XI 
XI 

xm 

XIV 


Bn 

PBS 
Bl 

PBS 

Ba 

PBS 
Bl 
Bl 


-32 
-7 
-4 
+7 


1/5 
4/6 

2/11* 
8/10 
1/W 
8/10 
1/10* 
7/10 


NO 
NO 

. 0.190 ±0J057* 
0.710 ±0.051 
0.040 ± 0.012* 
0.717 ± 0.064 
0.264 ± 0.061' 
0.650 ±0.120 



* Rats were hjected Lv. with 1 mg of Bl before or after chalenge as shown. 
Control rats received an equal 1-mJ volume of PBS at the same time, except for 
group XTV. which was injected Lv. aft day +7 with 1 mg of Bl solubifred in PBS. 
Chalenge was performed as described eerier. NO. not done. 

* Mean absorbance ± SE 

* P < 0.01 vs PBS control 

* P < 0.001 vs PBS- or BHnjected controls. 

had no effect on IgQ responses to either Bl or OVA. Moreover, 
the suppression induced by i.v. pretreatment with BH could not 
be overcome by using CFA. a more potent immunoadjuvant. 

Bl was found to be a potent irnmunogen producing absorbance 
values greater than BU. This finding differs from an earlier report 
in which heterologous chick type I collagen was described as a 
poor tmrnunogen in the rat when emulsified with IFA (2). The 
discrepancy between that study and ours may reflect either 
differences in the sensitivity of hemagglutination and EUSA 
assays for antibody to type I collagen or, alternatively, differences 



in the imrnunogenicity of these type I coflagens. 

Importance of time Interval between Lv. injection of Bll and id. 
challenge. The bctdence of different injection schedules on the 
course of CIA and immunity to Bll Is shown in Table HI. The 
Incidence of CIA was reduced sJgnfficantiy when 1 mg of Bll was 
given l.v. 32, 7, or 4 days before challenge or 7 days after. Antf- 
Bll IgG was suppressed in all groups given Bll as compared with 
controls given PBS (P < 0.001). Arthritis and antibody to Bll 
were observed in a few rats (5 of 36) given i.v. Bll before or after 
challenge, however, the day of onset, severity, and IgQ values 
were variable. In subsequent studies suppression of CtA and 
antibody to Bll has been vtrtuafly 100% effective suggesting that 
occasional failures may have resulted from technical problems. 
(Data not shown). 

The course of rats given Lv. Bll 7 days after challenge (group 
XIV) was different from those pretreated with Bll. Nine of 10 rats 
in group XIV became acutely in within 24 hr of i.v. injection, 
developed proteinuria, and lost weight. C&nical changes and 
proteinuria were not seen in 10 control rats given Bl at the same 
dose and time. The Kidneys of one rat examined histologically 7 
days after the onset of proteinuria disclosed a mid glomerulo- 
nephritis suggesting injury by BlWrrvnurK^lobuIn complexes. 
Irnmunofluorescence studies, however, were not performed. 
CKnical changes and proteinuria were not found in a group of six 
rats given i.v. Bll alone or 10 rats given Lv. Bll and then 
challenged 7 days later. (Data not shown). Histologic e xarrination 
of the Kidneys of six untreated arthritic rats disclosed no abnor- 
mality. 

Hnding that arthritis could be suppressed after challenge, we 
attempted to inhibit active arthritis. A group of six rats with 
severe arthritis, immunized 32 days earlier with Bll/IFA, was 
chosen for study. After an initial bleeding, rats were rested for 2 
days and then given 1 mg of Bll Lv.: blood was collected 2 and 
21 days later. No detectable change in the severity of arthritis 
was noted after collagen injection. Anti-BII IgG values for the 
three bleedings were 0.810 ± 0.089, 0.512 ± 0.106. and 0.813 
± 0.137, respectively, indicating only a slight, possibly transient 
fan in IgG. 

Proteinuria was not detected in rats given Bll i.v. 32 days after 
immunization. This finding suggests that the ratio of antigen and 
antibody may determine the pathogenicity of BIHnrwnunogiobuf n 
complexes formed in vivo. 

Importance of dose and route of injection of Bll. Suppression 
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of CIA was dependent on the amount of Bll given and the route 
of injection as shown in Table IV. Pretreatment was performed 
as before except i.v. injections were given 4 days before chal- 
lenge. This was done for convenience because 4- and 7-day 
P r ? lf ^§5 n ?^n t sctedutes were quite effective jn suppressing ar- 
thritis and immunity to Bll. 

Only one of 10 rats given 1 mg of Bll i.v. developed CIA in 
contrast to eight of 10 controls pretreated with 1 nil of PBS (P 
< 0.01). Rats pretreated with 0.1 or 0.01 mg of Bll In equal 
volumes of PBS developed arthritis at an incidence and severity 
comparable to controls though at later dates of onset. Rats 
pretreated with 1 mg of Bll s.c. also developed arthritis similar 
to controls. 

Sera of nonarthritic rats, pretreated Lv. with 1 mg of Bll, 
contained only traces of IgG specific to Bll as compared with 
PBS-injected controls. The one arthritic rat in this group devel- 
oped an IgG value of 0.677, which was comparable with arthritic 
controls. Sera of rats pretreated with 0.1 or 0.01 mg of Bll 
contained intermediate amounts of IgG suggesting a slight inhi- 
bition of response consistent with the delayed onset of arthritis. 

Adjuvant arthritis Is not suppressed by pretreatment with Bll. 
To determine if AIA could be suppressed by i.v. pretreatment 
with Bll and if rats with AIA produce antibody to Rll t an additional 
study was done. Adjuvant arthritis was induced in three groups 
of rats by a single i.d. injection of mycobacteria suspended in oil. 
Groups one and two each contained 10 rats and received i.v. 
pretreatment with 1 mg of Bll or 1 ml of PBS 4 days before i.d. 
injection with adjuvant. Heterologous Bll was used instead of 
homologous Rll because of Bll's strong cross-reactivity with Rll 
and ability to suppress immunity to Rll in rats immunized with 
BII/IFA and BII/CFA (Tables I and II). Moreover, in preliminary 
studies, Bll was found to be more effective than Rll in inducing 
and suppressing arthritis (unpublished observations). Group 
three contained 26 rats and received no i.v. pretreatment before 
injection with adjuvant. The latter group was bled weekly from 
day 14 through day 35 to provide sera for antibody studies. 
Severe arthritis developed in all 46 rats. 

Pretreatment with Bll affected neither the incidence, severity, 
time of onset of AIA, nor the incidence of ear nodules or spon- 
dylitis, compared with rata pretreated with PBS (Table V). Fur- 
thermore, anti-RII IgG was not detected at a 1/1 0 dilution in any 
of the sera assayed by a sensitive EUSA system that readily 
detected antibody in rats with CIA. 

Clearance of immunoreactive Bll from peripheral blood. The 
rate sorubtlized Bll was cleared from the circulation after Lv. 
injection was indirectly determined by EUSA utilizing an antibody 
inhtoftion assay. Two normal rats were given an i.v. injection of 
1 mg of Bll, and venous blood was collected in heparinized 
syringes at regular intervals. 

The upper curve in Figure 1 shows the clearance of Bll from 
whole blood. Two distinct slopes are apparent, an early one 
lasting between 15 and 60 min, which shows rapid clearance; 



and a later one lasting between 2 and 6 hr, which shows a more 
gradual clearance of Bll. The lower curve shows the clearance 
of Bll from platelet-free plasma, which was complete within 2 hr. 
These data imply that Bll present 2 hr after i.v. injection was 
bound to cellular elements. In earlier studies, performed in vitro. 
we found that Bll spontaneously bound to splenocytes and 
erythrocytes (unpublished observation) suggesting that a similar 
process may occur in vivo after i.v. injection. 

discussion 

In this report, we have shown that soluble native type II 
collagen induces and suppresses CIA In rats depending on the 
mode of its administration. Rats Immunized l.d. with Bll In IFA 
developed arthritis at an incidence of 70 to 90% and developed 
a strong immune response to type II collagen. When immuniza- 
tion was preceded or followed shortly by an Lv. Injection of 
soluble type II collagen, however, the incidence of arthritis was 
reduced to 0 to 18%, and immunity to colagen was significantly 
suppressed. 

Our data suggest that CIA was prevented by the induction of 
immune tolerance. The suppression of immunity was antigen 
specific, dependent on the Lv. route of injection, and related to 
the dose of Bll. The antigen-specific nature of suppression was 
shown in two studies. first, neither arthritis nor immunity to Bll 
were suppressed by PBS, Bl, or OVA given Lv. before challenge 
with BII/IFA. Conversely, It was also found that Lv. pretreatment 
with Bll had no effect on immunity to Bl or OVA when rats were 
immunized with BI/IFA or OVA/1FA. Both studies demonstrate 
a) that the suppression of CIA, fike its induction, is critically 
dependent on collagen type, and b) that nonspecific mechanisms 
of suppression, i.e., stress (17), and the activation of antigen- 
independent suppressor T-cefts (24) or macrophages (25), were 
not triggered by Lv. injected collagen. Lastly, we found that 
suppression of CIA was not dependent on the species source of 
type II collagen used for pretreatment. Intravenous injection of 
Bll or Cll was effective in suppressing arthritis and antt-RII IgG 
in rats challenged with BII/IFA. This data suggests that bovine- 
and avian-derived type II collagens share significant antigenic 
homology with homologous Rll. 

On comparing our results with previous models of tolerance, 
the rapid clearing of Bll from the blood after Lv. injection is in 
sharp contrast with reports that other soluble proteins used as 
tolerogens circulate for weeks after Lv. injection (26). The rapid 
clearance of Bll demonstrates that collagen need not circulate 
for long periods to induce or maintain suppression. 

Our studies on inducing tolerance after immunization are con- 
sistent with the work of other investigators who examined dif- 
ferent antigens. We found, as did Sanfiliippo and Scott (26), that 
immunity could be suppressed in an antigen-specific manner 
when antigen was administered Lv. 7 days after immunization. 
No suppression of arthritis or immunity to Bll. however, was 
seen when i.v. injection was delayed 32 days after immunization. 



table rv 

Dose response of BO, route of Injection, end the course of CM* 



MAI 



Qroup 



Oosa of Bfl per Rft! 



Route 



IncktoncA of Arthritis 



Arthrtttc rats 



Per group 



Moan Day of Onset ± 

SE 



tgG Response at Day 28 
*SE 



XV 
XVI 
XVU 

xvni 
xix 



1.0 mg 
0.1 mg 
0.01 mg 
PBS 
IX) mg 



Lv. 
Lv. 
Lv. 
Lv. 

S.C. 



1/10* 

7/10 
9/10 
B/10 
6/10 



3 

6.0 ± 0.7 
5.4 ±1.4 
6.8 ±0.8 
65 ±0.9 



03 
42 
41 

5.4 
37 



36 
25 ±2-* 
20.2 ±1JT 
13.1 ±1.0 
18,7 ±4.5 



0.040 ±0.012° 
0.412 ± 0.070 
0.499 ± 0.107 
0.717 ±0.064 
NO 



* Rats were injected Lv. with 1 j0, 0.1 . or 0 01 mg ot Bll sotubfflzed In 1 mJ of PBS. Controls w\ group XVU) received 1 ml PBS. Rats were cnaBenged 4 days later as 
described. NO. not done. 

*P < 0.01 vs group XVM. 

• P < 0.001 vs group XVUI. 
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TABLE V 

Pretreatment with Bit does no( suppress adjuvant arthritis 



tnlravvnou* PtotrMtmenf* 





Btf 


PBS 


None 


Incidence of AlA 


10/10 


10/10 


26/26 


MA) 


14.7*0.6 


15.0*0.4 


12.4 ±0.6 


Arthritic fimbs/group 


39/40 


40/40 


95/104 


Mean day of onset 


11.9*0.5 


11.1 ±0.3 


11S±0-2 


Incidence of! 








Ear nodules 


10/10 


10/10 


26/26 


Spondyfitfe* 


9/10 


10/10 





• Rats in each group received l.v. pretreatment with ImgofBUorlmlof PBS 
4 days before l-d. injection with 250 mQ of ground mycobacteria suspended In ofl. 

• Spondylitis was defined as kyphotic deformity of the spine or ankylosis of the 
tai distal to the site of adjuvant injection. 

• NR, not recorded. 



1O0 r 



00 - 




LV. Injection Tim« (hours) 



Figure 1. Clearance of vrvnunoreactive Bit from peripheral venous blood of a 
normal rat infected Lv. with 1 mg sohjb&zed Bd. Assay for Bit was performed by 
measuring the inhibitory activity of circuiting BN against anti-fill IgG in an EUSA 
system. represent the inhibitory activity of whole blood: A. the tnhtoitory activity 
of platelet-free plasma. 

Other workers have also reported difficulty in inducing tolerance 
2 to 4 wk after irrununization (27, 28). 

Suppression of CIA with type II collagen has been reported by 
two other groups. Schoen ef a/. (1 4) found that the incidence of 
CIA in rats could be reduced, in an antigen-specific manner, by 
i.v. injection of Clkcoupled spleen cells. A series of four injections 
reduced anti-CH kjG levels by =*50% as measured by radioim- 
munoassay. This treatment, however, had no effect on hemag- 
glutination titers or DTH reactivity to CI!. In comparison, immu- 
nosuppression induced by i.v. injection of soluble collagen, which 
suppressed antibody and DTH, was greater than that reported 
by Schoen and co-workers. Differences between their study and 
ours may be attributable to the form or amounts of collagen 
Injected. 

Staines ef a/. (18) recently found that CIA and anti-RII IgG 
were suppressed by treating rats with i.v. injections of pig type 
II collagen (1 00 ^g/rat) and immune seaim (1 ml/rat) given 8 and 
9 days before Ld. challenge, respectively. Pretreatment with only 
collagen or serum produced a modest suppressive effect, 
whereas the combination was quite effective. Our study also 
showed a modest degree of antibody suppression when 1 00 
of type II collagen were used for pretreatment Although these 
investigators did not study the effects of larger doses of collagen, 
our work shows that at least 1 mg of type II collagen is needed 
to produce significant suppression. 

The importance of immunity to type II collagen in the patho- 
genesis of CIA has been amply demonstrated (1 -21 ). Work from 
this laboratory (2, 9) and others (6, 7) has shown that immunizing 



rats with homologous or heterologous type II coflagens, prepared 
from a variety of species, induces arthritis and immunity to 
homologous Rll. The critical importance of antibody to type II 
collagen in the development of CIA is now dearly established. 
Morgan et a/. (12) first suggested this by showing that arthritis 
did not appear in BIHmmunized rats as long as serum C was 
depleted. This finding and the work of Schoen eta!. (14) indirectly 
emphasized the importance of humoral immunity in CIA and 
questioned the role of cell-mediated immunity (CMI) to collagen 
in OA. Recently, studies from this laboratory provided direct 
evidence for an antibody-mediated pathogenesis of CIA by show- 
ing that IgG specific for type II collagen produces arthritis when 
passively transferred to normal recipients (15. 16). 

Several investigators have suggested that autoimmunity to 
collagen might play a role in the pathogenesis of AlA (29-33). 
Steffen and co-workers were the first to report that adjuvant 
arthritic rats developed weak DTH to denatured (30) and native 
(31 ) type I collagen. Trentham ef a/. (32) reported CMI to native 
and denatured homologous type I and II colagens in rats with 
AlA. Recently, Holoschitz ef a/. (33) isolated an effector T cefl 
line from adjuvant arthritic rats that proliferated strongly to 
mycobacteria and weakly to Rll. They found this cell line effective 
in transferring or vaccinating against AlA. A T cell line reactive 
only to Rll from rats immunized with RII/IFA was ineffective in 
transferring CIA. Furttiermore, Schoen ef a/. (34) showed that 
s.c. injection of Rll-coupled spleen cells induced RH-specific CMI 
in rats but neither arthritis nor antibody to Rll. These findings 
and those previously reported by others (12, 14) suggest that 
CMI to type II collagen alone is not sufficient to induce arthritis. 
These data, however, do not exclude the importance of Th cells 
in the genesis of immunity to type II collagen, a T-dependent 
antigen, nor the possibiSty that CMI may contribute to tissue 
injury once arthritis is initiated (35). 

Antibodies to native and denatured type I and II collagens, 
measured by hemagglutination, have been reported in =*40% of 
rats with AlA (32). The authors of that report, however, were 
unable to conclude whether anti-collagen antibodies represented 
a primary or secondary event In contrast to CIA, In which 
antibodies levels are high, appear before the onset of arthritis, 
and react primarily to type II collagen, antibody titers described 
in AlA were frequently low, appeared after the onset of arthritis, 
and reacted wel to type I and II coflagens. These data suggest 
to us that immunity to collagen in adjuvant disease represents a 
secondary response produced by Injury of articular tissues or 
granuloma formation. In our studies, we were not able to detect 
antibody to type II collagen in severe AlA by using a sensitive 
EUSA system. 

Other reports provide data suggesting that CIA and AlA have 
dissimilar primary pathogenetic mechanisms. We first suggested 
this possibility when we found that type 11 coKagen lacked adju- 
vant activity (36), a property intimately associated with the abifity 
of natural (37) and synthetic substances to induce adjuvant 
arthritis (38, 39). Our work has been since confirmed by lizuka 
and Chang (40). Furthermore, these investigators showed that 
AlA could be suppressed by pretreatment with a subarthritogentc 
dose of mycobacteria given s.c. before immunization with adju- 
vant, whereas the same procedure had no effect on CIA. Data 
presented here show, conversely, that i.v. pretreatment with Bll 
suppressed CIA and immunity to Bll and Rll but had no sup- 
pressive effect on AlA. This observation and the absence of anti- 
Rll IgG in adjuvant arthritis further support the conclusion that 
immunity to type II collagen is not central to the pathogenesis of 
AlA. 

In conclusion, studies reported here show that CIA in rats and 
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immunity to type II coflagen can be suppressed in an antigen- 
specific manner by Lv. injection of native type II collagen. This 
data further supports the hypothesis that CIA is mediated by 
immunity to type II coflagen. Furthermore, attempts to suppress 
AIA by i.v. injection of collagen and to demonstrate anti-coflagen 
antibody in Al A were not successful. These findings suggest that 
CIA and AIA, despite some phenotypic similarities, are distinct 
entities mediated by different primary pathogenic mechanisms. 
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T cells are known to recognize antigen in the form of 
peptides bound to major histocompatibility complex 
(MHC)-encoded class II molecules (Babbit et al. 1985; 
Schwartz et al. 1985; Buus et al. 1987; Guillet et al. 
1987). Experiments with MHC-encoded class II mole- 
cules in planar membranes show that the binding of the 
T-ceil receptor (TCR) to the peptide/MHC complex 
may not be sufficient for activation of the responding T 
cells (Quill and Schwartz 1987). One signal to the T 
cells is the binding of the TCR/CD3 complex to the 
antigen/MHC As proposed by Bretscher and Cohn 
(1970), lymphocytes may be tolerized unless they see a 
second signal. This second signal for T cells can be 
provided in principle by the antigen-presenting cell 
(APC), either through the secretion of soluble cyto- 
kines or by the interaction of molecules on the APC 
and T-cell surface. To test this hypothesis, we exposed 
mice to peptides containing known T-cell epitopes 
without adjuvant in order to expose the T cells only to 
the first (TCR) signal. 

The biological relevance of the existence of various 
AEC types such as macrophages, B cells, and dendritic 
cells in vivo is still unclear. As mentioned above, the 
second signal necessary for the activation of T cells may 
be provided by APCs (Quill and Schwartz 1987). It is 
also possible that different types of APCs may provide 
different second signals and may thus affect the quan- 
titative and qualitative outcome of immune responses. 
In this paper, the responding T cells from mice immu- 
nized with the amino-terminal fragment of A repressor cl 
1-102 using different immunization protocols are 
characterized with respect to the distribution of T-cell 
epitopes recognized, as well as their functional 
phenotypes upon presentation of T-cell epitopes by 
different APCs in vitro. 

The protein context of a peptidic T-cell epitope also 
influences the T-cell response specific for that epitope 
(Shastri et al. 1986). Thus, the immune response to a 
T-cell epitope may be hidden when it is covalently 
linked to another T-cell epitope. This can be due, for 
example, to competition between epitopes for binding 
to the MHC peptide-binding site (Guillet et al. 1987). 
Antigen processing can also explain differential expres- 
sion of epitopes, depending on the context. Thus, 
neighboring or distal residues could influence process- 
ing so that a particular T-cell epitope is unavailable to 



bind MHC. We compare the activity of an ovalbumin- 
derived peptide epitope that is suppressed when cova- 
lently linked to an epitope of greater immunogenicity in 
an antigenic and tolerogenic system. 

MATERIALS AND METHODS 

Animals. Strains BALB/cByJ, C57BL/6 mice were 
obtained from Jackson Laboratories, Bar Harbor, 
Maine. 

Cell cultures and assay conditions. All cultures and 
assays were performed according to established proce- 
dures (Lai et al. 1987). 

Antigens. Bacteriophage A repressor cl protein frag- 
ment pl-102 and synthetic peptides were prepared as 
described previously (Lai et al. 1987). pl2-26 NM is 
residues 12-26 of cl with asparagine substituted for 
aspartic acid at position 14. 



CeU lines. BW5147.G.4.0au R .l(a-,/3-) was a gift 
from W. Borne. A20.2J (I-A d , I-E d ) was a gift from J. 
Kappler and P. M arrack. CTLL.2 was a gift from D. 
Raulet. CT.4S (Hu-Ii et al. 1989) and 11B11 (anti-IL- 
4) (Ohara and Paul 1985) were a gift from W. Paul. 
S4.B6 (anti-IL-2) was a gift from T. Mosmann. Class II 
MHC L-cell transfectants RT 2.3 .3H (I-A d ) and RT 
10.3H2 (I-E d ) were a gift from R. Germain. 

Antibodies, Monoclonal antibodies were produced 
by harvesting cell supernatants from B-cell hybrid- 
omas. Supernatants were centrifuged and sterile fil- 
tered to remove any residua] cells. 11B11 supernatant 
was used at 10%, and S4B6 supernatant was used at 
50%. 

Antisera. BALB/c mice were tolerized by injection 
of pl2-26 i.v. in saline, or saline alone as a control. 
They were immunized 10 days after the first tolerization 
with pl2-26 i.p. (50 /xg emulsified in complete Freund's 
adjuvant [CFA]). Mice received a booster immuniza- 
tion 14 days after the primary injection of p!2-26 i.p. 
(50 ng emulsified in incomplete Freund's adjuvant 
(IFAJ). Mice were bled 7 days after the first immuniza- 
tion and 8 days after the booster immunization (data 
shown). Antibodies were measured by enzyme-linked 
immunosorbent assay (EL1SA) (Good et al. 1988). 
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Isolation of T-cell hybridomas. Mice were immu- 
nized either s.c. at the base of the tail and in both thighs 
or i.p. with 100 fig of bacteriophage A repressor pl-102 
in either CFA, IFA, or alum. After 7 days, draining 
lymph nodes were removed from mice with s.c. im- 
munizations, and spleen cells were removed from those 
with i.p. immunizations. Cells were stimulated in vitro 

r.Scf]; 1 ^ at 50 Mg/mI for 2 davs More fusion with 
BW5147. Fusion hybrids were prepared according to 
established procedures (Gefter et al. 1977). 

All the T-cell hybridomas reported here have been 
subdoned at least once by limiting daution method 
(Walker et al. 1982). 9C127 and 1E1 arc hybridomas 
made from BALB/c mice. 3D054.8 is a done specific 
for OVA(325-336). 

Tokrization of adult mice. Mice 4-8 weeks old were 
injected i.v. in the tail vein with 300 M g of deaggregated 
peptide dissolved in 100 /i| of saline on day 0. After 5 
days, another 300 M g of peptide was injected i.v. On 
day 10, the mice were immunized s.c. with peptide in 
CFA as described above. 

Lymphokine assays. IL-2 assays were performed as 
described previously (Lai et al. 1987). Assay for IL-4 
was performed using the IL-4-dependent cell line 
cr.4S according to the method of Hu-Li et al (1989) 
with the slight modification that tritium incorporation 
in DNA was measured 6 hours after the addition of 1 
mCi of tritiated thymidine. 

Lymphocyte proliferation assays. T-lymphocyte pro- 
liferation assays were performed according to methods 
described by Lai et al. (1987). 

RESULTS 

r ^ C n/ aVe P revious| y shown the T-cell response in 
balb/c mice to the amino-terminal fragment of A 
repressor (pl-102) is predominantly directed to a syn- 
thetic peptide ( P 12-26) containing residues 12-26 
(Gu.Het et al. 1987; Roy et al. 1989). Proliferation of 
pl-102-immunized T cells is equivalent in response to 
either pl-102 or pl2-26, and over 90% of BALB/c- 

,?£ d J-°^J* brids made ^inst pM02 respond to 
P12-26. In addition, P 12-26 can serve to recruit help 
since immunization of mice with pl2-26 produces anti- 
plZ-26 antibodies (Roy et al. 1989). When BALB/c 
mice are exposed to P 12-26 by intravenous injection, 
they become unresponsive to later immunization with 
P12-26 s.c. in CFA. The same is true for pl2-26 N, \ a 
related peptide that cross-reacts with p!2-26 (Fig 1) 
The tolerization procedure decreases lymphocyte pre- 
iteration (Fig la) and almost eliminates IL-2 secretion 
(fig. lb) of draining lymph node cells. The effect is 
epitope-specific, since i.v. injection of saline alone or of 
unrelated peptides has no effect. In addition. C57BL/6 
rn.ee can be tolerized to their immunodominant epitope 
ui pl-102, p73-88 (data not shown). This tolerization 
protocol also eliminates T-cell help, since treated mice 
can no longer produce antibodies to pl2-26 (Table 1). 




**• P 12-26' 



too 




pi 2-26 



■14 



too 



TtulTJr p1226 ; <•> comro1 m «- <«> pK£ 

W IL-2 secretion as measured by proliferation of CTLL cells. 

The reduced response cannot be due to a sudden high 
concentration of soluble antigen inactivating T celk 
since the same tolerization effect can be seen when 
antigen is injected i.p. in IFA 10 days before immuniza- 
tion (data not shown). 

0 J!Z t0 Jf rancc effect Ia *ts for at least 6 weeks (Table 

P ^ Iiferation is initia,, y rcduce <* <° only 
*W of that of immunized mice, whereas the IL-2 
secretion is reduced even more, to less than 5%. After 
42 days, the IL-2 secretion of tolerized Tcells seems to 
have increased to 15% of that of control T cells, where- 
as only one of two mice tested have reduced prolifer- 
ation Studies are continuing to investigate further the 
duration of the ThxII non responsiveness. 

The T-cell tolerance could be due to the inactivation 
of antigen-specific T cells or the induction of suppressor 

Table I, Antibody Response to p!2-26 



Mouse 



Prc-Wecd 
0*g>ml) 



Immunized 
(Mg'ml) 



Tolerized 
Tolerized 
Tolerized 
Tolerized 

Control 
Control 
Control 
Control 



<2 
3 
3 
3 

2 
4 
2 
3 



19 
12 
15 
5 

528 
378 
99 
363 
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table 2. Persistence of 
Effects 



Tolerization 



% of Control 



Day 
immunized 


IL-2 


proliferation 


1 


3,2 


19, 19 


5 


1,2 


28, 38 


9 


6,20 


14,39 


41 


11, 17 


17, 103 



. BALB/c mice were i.v. tolerized on day -5 
and day 0 pi 2-26. Mice were immunized at 
various limes thereafter and tested for specific 
proliferation and IL-2 secretion 7 days later. 



T cells. To test the latter possibility, mixtures of lym- 
phocytes from tolerized and non tolerized mice were 
compared with mixtures of lymphocytes from nonim- 
munized and nontolerized mice. It is expected that if 
tolerization were due to the induction of suppressor T 
cells, then the suppressor T cells present in tolerized 
mice should suppress the response of immunized T 
cells, whereas mixing with nonimmunized T cells 
should have no effect. As seen in Figure 2, the prolifer-. 
ation of immunized cells mixed with tolerized cells was 
the same as that of immunized cells mixed with nonim- 
mune cells. If anything, the response was a bit higher, 
as could be expected, because tolerized cells still prolif- 
erate at 20% of the control level. Furthermore, the 
proliferation clearly rises as more immunized cells are 
added, until, with 99% control immunized cells and 
only 1% tolerized or nonimmunized cells, the response 
is normal. The same result was obtained with IL-2 
secretion (data not shown). 

We then investigated the immune response to a 
molecule in which two T-cell epitopes were combined. 
The two epitopes chosen were residues 12-26 (p 12-26) 
of A repressor and residues 325-336 (OVA-D) of egg 
ovalbumin, with valine residue 327 changed to aspartic 
add to reduce binding to I-A d (Sette et al. 1987). Both 
epitopes are I-A d -restricted, and p!2-26 and ova325- 
336 are immunodominant in their respective proteins 
when injected into BALB/c mice (Guillet et al. 1987; 
Shimonkevitz et al. 1987). We synthesized a long joint 



peptide, 12-26-GPG-OVA-D, containing pl2-26 linked 
to OVA-D by a glycine-proline-glycine bridge (see 
Table 3). T cells from BALB/c mice immunized with 
OVA-D proliferate and secrete IL-2 when stimulated in 
vitro with OVA-D. Similarly, T cells from mice immu- 
nized with pl2-26 proliferate and secrete IL-2 in re- 
sponse to either pl2-26 or the joint peptide (Ftg. 3a). In 
contrast, lymphocytes from mice immunized with the 
long peptide respond in vitro to the long peptide and to 
pl2-26, but not to OVA-D (Fig. 3e). Thus, the OVA-D 
epitope is hidden when present within the joint pep- 
tide. The basis for this result could be easily explained 
by competition between the two epitopes for binding to 
MHC-encoded class II molecules and perhaps also to a 
third epitope created at the junction of the two fused 
epitopes. This epitope suppression is not due to the 
inability of B ALB/c-presenting cells^to present OVA-D 
from within the long peptide, since the long peptide 
stimulates the ova325-336-restricted T-cell hybridoma 
3DOS4.8 when presented on I-A d -transfected L cells 
(Fig. 4a). I-A d -transfected L cells (Fig. 4b) and fixed or 
live H-2 d A20 cells (Fig. 4c) can also present the joint 
peptide to pl2-26-specific hybridomas 9C127(I-A d - 
restricted) and 1E1 (I-E d -restricted). Thus, processing 
of the joint peptide is not required, at least for pre- 
sentation of the pi 2-26 epitope in vitro. 

Mice immunized with pi 2-26, which 10 days earlier 
had been tolerized by i.p. injection with either pi 2-26 
(Fig. 3b) or the joint peptide (Fig. 3d) in IFA, have 
diminished responses, whereas mice given saline or 
OVA-D-tolerized mice proliferate normally in response 
to either pi 2-26 or the joint peptide (Fig. 3a ,c). Simi- 
larly, mice immunized with the joint peptide that were 
previously tolerized with the joint peptide cannot re- 
spond to either pi 2-26 or the joint peptide (Fig. 3h), 
and those tolerized to pi 2-26 cannot respond to pi 2-26 
(Fig. 3f) but can respond to a lesser extent to the joint 
peptide, possibly because T cells specific for the junc- 
tion were not tolerized. Control mice tolerized to OVA- 
D (Fig. 3g) or not tolerized (Fig. 3e) respond to both 
pl2-26 and the joint peptide. Mice immunized with 
OVA-D that were previously tolerized with OVA-D 
cannot respond to OVA-D or the joint peptide (Fig. 



Figure 2. Proliferation of lymphocytes from 
mice immunized with pl2-26. Lymphocytes 
from control mice were mixed with various per- 
centages of lymphocytes from either tolerized 
mice (O) or nonimmunized mice (•)- 
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Table 3, Sequences of Peptides Used 



P12-26 LEDARRLKA I YEKKK 

P12-26*' 4 L ENARRLKA I YEKKK 

OVA-D QADHAAHAE INE 

Joint peptide LEDARRLKA I YEKKKGPGQADHAAHAE INE 



3j), but mice that were tolerized with pi 2-26 do re- 
spond (Fig. 3i). However, mice tolerized with the joint 
peptide and immunized with OVA-D still respond to 
both OVA-D and the joint peptide (Fig. 3k). Thus, the 
OVA-D epitope is hidden within the joint peptide dur- 
ing tolerization as well as immunization. It appears that 
tolerization to T-cell epitopes occurs when such epi- 
topes are presented by APCs but in the absence of a 
"second signal." 

The mode of immunization is known to influence the 
immune response (Warren et at. 1986). For the pur- 
poses of this study, we may ask what, types of second 
signals promote what types of immune responses. T- 
cell hybridomas were prepared from BALB/c mice 
immunized with pl-102 in CFA s.c, CFA i.p., IFA 
s.c., IFA i.p., and alum i.p. They were originally 
screened by measuring IL-2 secretion, as tested for by 
the ability to sustain growth of the IL-2-dependent cell 
line CTLL. Previous studies (Roy et al. 1989) have 
shown that pl2-26 is the immunodominant epitope in 
BALB/c mice immunized with pl-102 in CFA s.c. As 
shown in Table 4, pl2-26 was also immunodominant in 
immunized mice using the five different protocols of 
immunization. About 90% of all pl-102-specific hy- 
brids respond to pl2-26. In addition, about half of the 
non-pl2-26 hybrids were found to respond to a second 
pl-102 peptide, p46-62. 

The p46-62- and pl2-26-specific hybrids were further 
characterized with respect to their production of IL-4, 
using the IL-4-dependent clone CT.4S as indicator 
cells. Interestingly, over 50% of the p46-62-specific 
hybridomas produced IL-4 upon stimulation by B cells 
(A20) as APCs (Table 5). In contrast, less than 5% of 
the pl2-26-specific hybridomas produced IL-4. A rep- 
resentative pl2-26-specific hybridoma, 1PA12-1, pro- 
duced IL-2 when given pl2-26 presented on either the 
B cell A20 or I-A d -transfected L cells (Fig. 5a,b). The 
CTLL response was inhibitable by anti-IL-2 antibody. 
In contrast, there was no response when the superna- 
tants were tested on CT.4S cells (Fig. 5c,d). Thus, T 



cells that recognize p46-62 often secrete IL-4, whereas 
those that recognize p!2-26 rarely do. It is possible that 
this observation is due to presentation by distinct sub- 
sets of APCs that may direct responding T cells to 
express different functional pheno types. We propose 
that APCs that can process pl-102 to give rise to p46-62 
leading to IL-4 production are a subset of APCs distinct 
from those that process pl-102 primarily to pl2-26. 
Evidence supportive of this possibility was obtained by 
comparing the ability of B cells (A20) and I-A d -trans- 
fected L cells to stimulate IL-4 production from the 
identified hybridomas. A representative p46-62-spccific 
hybridoma, 1SI46M.1, produces IL-2 when A20 cells 
are used as APCs, as shown by a CTLL response that is 
inhibitable by anti-IL-2 and not by anti-IL-4 (Fig. 6a). 
IL-4 production was also observed by stimulation of 
CT.4S, which is inhibited by anti-IL-4 and not by anti- 
IL-2 (Fig. 6c). The small decrease in the CT.4S re- 
sponse in the presence of anti-IL-2 may be due to a 
synergistic effect of IL-2 on IL-4 secretion on CT.4S 
stimulation (Hu-Li et al. 1989), as well as to the non- 
specific toxicity of the antibody culture supernatant 
used. When I-A d -transfected L cells are used to present 
p46-62, production of IL-2 but not IL-4 is observed 
(Fig. 6b,d). No hybrid tested has been able to secrete 
significant amounts of IL-4 when I-A d -transfected L 
cells were used as APC. This is not due simply to a 
dose-response shift of the L cells as compared to A20 
cells. The dose response of using L cells shifts 3-fold for 
the IL-2 response (Fig. 6a,b), whereas there is no IL-4 
response while using L cells even at 32 jt" of p46-62, 
32-fold more antigen than required with A20 cells (Fib. 
6c,d). 

DISCUSSION 

One known mechanism of thymic tolerance depends 
on the deletion of thymic T cells reactive to self- 
peptides bound to MHC-encoded molecules of thymic 
APCs (Kappler et al. 1987; Kisielow et al. 1988). This 



Figure 4. Hybridoma response to in vitro stimu- 
lation with peptides. Open symbols are live 
APCs, and filled symbols are fixed APCs. (a) 
3D054.8 T-cell hybridoma and I-A d -transfected 
L cells; (O) OVA, (A) joint peptide, (□) OVA- 
D. (b) 9C127 T-cell hybridoma and I-A d -trans- 
fected L cells; (A) joint peptide, (□) pl2-26. (c) 
1E1 T-cell hybridoma and A20 cells; (O, •) 
pl-102, (A, A) joint peptide, (□, ■) pI2-26. 
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Tabic 4. Epitopes of BALB/c Hybridomas Immunized with cl pl-102 

Number of hybrids 



Immunization 
protocol 


1-102 + 


12-26 + 


12-26* tested 
with peptides 


46-62 + 


Alum i.p. 
OFA i.p. 
CFA $.c. 
DFA i.p. 
IFAsx. 


436 
252 
134 
413 
199 


389 
216 
121 
379 
179 


27 
19 
7 
27 
17 


12 
9 
2 

12 
9 


TotaJ 


1434 


1284 


97 


44 



mechanism can only delete those T cells that react to 
self-proteins that are expressed or travel to the fetal 
thymus. Expression in the fetal thymus of every self-T- 
cell epitope found in every protein in the organism 
would be extremely difficult. Even if tolerance is 
needed only for those proteins that are accessible to the 
immune system, and assuming efficient transport of all 
proteins to the fetal thymus, many proteins are only 
expressed after birth or later. T cells reactive to pro- 
teins expressed late in development would be able to. 
leave the thymus and initiate autoimmune disease later 
in life. The fact that this does not occur argues for some 
sort of peripheral, continuing tolerance mechanism. 
We have found evidence for such a mechanism in that, 
by exposing a mouse to a T-cell epitope i.v. in saline or 
i.p. in IFA, the mouse later has a drastically diminished 
T-cell response to the same epitope when administered 
later using CFA as the adjuvant. This reduction or 
tolerance is epitope-specific, lasts for at least 6 weeks, 
and is not due to the induction of suppressor T cells. It 
also completely inhibits the antibody response to the 
epitope, presumably by blocking T-cell help. 

We propose that the immune system in its resting 
state, i.e., unstimulated by an infectious agent or gross 
tissue damage, is normally in a tolerogenic state. All T 
cells that see antigen in that state are turned off either 
by clonal deletion or by clonal anergy. Only when the 
immune system is turned on by frank infection, by such 



T»b^ 5. rL-4-piodudng BALB/c Hybridomas from Mice 



Immunization 


Number of IL-4-producing clones/ total clones 


protocol 


pl2-26 


p46-62 


Alum i.p. 

CFAi.p. 

CFAs.c. 

IFAi.p. 

IFAsx. 


0/11 
0/20 
1/16 
2/30 
1/15 


4/7 
2/4 
not recovered 
4/11 
5/5 


Total 


4/92 
(4.3%) 


15/27 
. (55.6%) 



agents as the bacterial antigens and mitogens found in 
the mycobacteria, or by the presence of soluble cyto- 
kines, are T cells able to respond by proliferating, 
secreting IL-2, and helping B cells. Furthermore, all of 
the T-cell epitopes we have tested that are capable of 
eliciting an immune response are just those epitopes 
that can also serve to induce tolerance. Thus, it would 
appear that epitopes processed and presented in the 
absence of a second signal lead to tolerance. The obser- 
vations presented here readily explain the classic low 
zone tolerance to soluble proteins. 

Results from the present study clearly demonstrate a 
regulatory effect of competing epitopes present within 
the same peptide upon the immune response. Thus, a 
majority of the T-cell response to the joint peptide is 
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directed toward the more immunogenic epitope (12- 
26), leading to an apparent suppression of the response 
to the less immunogenic epitope (OVA-D). It is also 
dear that competition occurs between T-cell epitopes 
during the induction of tolerance. Again, the more 
immunogenic epitope (12-26) is tolerized, and the less 
immunogenic epitope (OVA-D) is ignored. The T-^cell 
response to the less immunogenic epitope can be elic- 
ited readily in mice tolerized with the joint peptide. 
Therefore, the processing mechanisms of APCs induc- 
ing immunity and those inducing tolerance seem to be 
the same, and the less immunogenic epitopes, such as 
OVA-D within the joint peptide 12-26-GPG-OVA-D, 
are hidden for both immunization and tolerization. 

Many different cell types such as D cells, mac- 
rophages, and dendritic cells can serve in vitro as APCs 
(Chesnut and Grey 1981; Ziegler and Unanue 1981; 
Sunshine et ah 1983). The involvement of the different 
APCs used in an immune response in vivo are un- 
known. However, activation of T cells by the different 
APCs may vary because of differences in their endo- 
cytic and processing properties (Guidos et al. 1984). 
Thus, the immune response may be modulated by the 
involvement of different types of APCs during the 
activation of T cells. In addition, the type of adjuvant 
and the route of immunization may have selective ef- 
fects on the APCs used in the immune response. In our 
study, we observed no significant difference in the T- 
cell response induced in BALB/c mice immunized with 
A repressor pi- 102 using different combinations of ad- 
juvants and routes of immunization. However, over 
50% of T-cell hybridomas specific for p46-62 secreted 
IL-4, whereas less than $% of hybridomas specific for 
pl2-26 did. The fact that all IL-4-producing hybrids 
also secrete IL-2 may be attributable to the fusion 
partner, BW5147, which has been shown to be capable 
of IL-2 production (Hagiwara et al. 1988) or, more 
likely, to the fact that the hybrids were initially 
screened for their abilities to secrete IL-2. We propose 
the existence of at least two different types of APCs 
that have different antigen-processing mechanisms to 



explain these results. One type of APC processes pl- 
102 in such a way that both epitopes 12-26 and 46-62 are 
presented, with epitope 12-26 being dominant. T cells 
activated by these APCs produce only IL-2, phenotypi- 
cally similar to T-helper type 1 (T rt l) cells. The other 
type of APC processes pl-102 in such a way that the 
46-62 epitope predominates. T cells activated by this 
type of APC often secrete IL-4, phenotypically similar 
to T H 2 cells. An alternate explanation is that a single 
type of APC may be differentially activated to alter 
both its processing activity, i.e., to produce and present 
different epitopes, and its concomitant different second 
signals that alter the activation of responding T cells in 
such a way that their lymphokine production and thus 
their effect on the qualitative nature of the antibody 
response is altered. These possibilities are currently 
being explored. 
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ABSTRACT Although oral administration of protein an- 
tigens may lead to specific immunologic unresponsiveness, this 
method of immunoregulation has not been applied to models of 
autoimmune disease. Type II collagen-induced arthritis is an 
animal model of polyarthritis induced in susceptible mice and 
rats by immunization with type II collagen, a major component 
of cartilage. Intragastric administration of soluble type D 
collagen, prior to immunization with type II collagen In 
adjuvant, suppresses the incidence of collagen-induced arthri- 
tis* Administration of denatured type II collagen has no 
observable effect on the incidence or severity of the disease. The 
overall magnitude of the antibody response is not significantly 
reduced in collagen-fed mice as compared to controls. While 
the isotype distribution of the anti-collagen antibodies is similar . 
in the two groups, there is a tendency toward reduced IgG2 
responses in the collagen-fed mice. 

Type II collagen-induced arthritis (CIA) is an animal model 
of polyarthritis induced in susceptible mice and rats by 
immunization with type II collagen (1, 2). Type II collagen is 
the major matrix protein of hyaline cartilage. The similarity 
of the histopathologic changes observed in CIA to those seen 
in human rheumatoid arthritis has centered interest on the 
contribution of collagen autoimmunity to the pathogenesis of 
the human disease. Although humoral and cellular immunity 
to type II collagen have been shown in CIA, the precise 
contribution of each to the development of disease has not 
been established. While T cells have been shown to recognize 
undenatured and denatured type n collagen (3), the humoral 
response is restricted to the undenatured, nonrepeating 
helical antigenic determinants of the collagen molecule (3, 4). 
Development of disease after immunization with type II 
collagen in mice is restricted by the major histocompatabOity 
type (5). Although many mouse strains produce a vigorous 
humoral immune response to type II collagen, only mice of 
the H-2** haplotype develop arthritis. The induction of acute 
manifestations of CIA by the transfer of anti-type II collagen 
antibodies (hereafter referred to as anti-collagen antibodies) 
from arthritic to normal mice emphasizes the critical role of 
anti-collagen antibodies in the pathogenesis of CIA (6). 

Several attempts to modulate the disease have led to 
antigen-specific suppression of collagen immunity and de- 
creased incidence of arthritis. Induction of arthritis is sup- 
pressed by prior i.v. injection of type II collagen-coupled 
H>leen cells (7). In rats, spleen cells from donors receiving 
type II collagen-coupled rat erythrocytes transfer antigen- 
specific suppression, of CIA (8). Intravenous administration 
of soluble type II collagen suppresses induction of arthritis in 
rats and mice when given before primary immunization 
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(9-11) or during the afferent phase of disease induction, 7-10 
days after primary immunization (12). 

Oral presentation of antigen is the earliest recorded method 
for experimentally inducing specific antigenic unresponsive- 
ness (13, 14). This route of antigen administration can lead to 
immunity or tolerance, depending on the dose, number of 
feedings, and the form of antigen used (15). T-dependent, but 
not T-independent, antigens can lead to the induction of oral 
tolerance (16), and the immune response to collagen is T 
dependent (17, 18). The studies reported here show that 
intragastric administration of soluble type II collagen sup- 
presses the induction of CIA in mice. It is, therefore, possible 
to suppress an experimental autoimmune disease by orally 
induced unresponsiveness. 

MATERIALS AND METHODS 

Antigens and Immunizations. DBA/1 Lac J male mice were 
purchased from The Jackson Laboratories and immunized at 
age 8-14 weeks. Type II collagen was solubilized from fetal 
bovine articular cartilage by limited proteolysis with pepsin, 
essentially according to the technique of Trentham et aL (1). 
Collagen purity was assessed by analysis of amino acids by 
Genetic Design ( Watertown, MA) and by NaDodS0 4 /PAGE 
(19). Type II collagen was dissolved in 0.01 M acetic acid at 
4°C prior to use. Denatured type II collagen was prepared by 
incubation at 56°C for 45 min. Intragastric feedings (0.5 ml) 
were administered with a ball-tipped feeding needle. Control 
animals were fed 0.01 M acetic acid (0.5 ml). Mice were 
immunized parentcraliy by intradermal injection of 300 fig of 
type II collagen emulsified in Freund's adjuvant containing 
heat-killed mycobacteria at 4 mg/ml (strains C, DT, and PN; 
Ministry of Agriculture, Fisheries and Food, Weybridge 
Surrey, England). Mice were boosted with 100 /ig of type II 
collagen i.p. on day 21. 

Assessment of Arthritis. Mice were observed two or three 
times each week for presence of distal joint swelling and 
erythema. Swelling was quantitated by measuring thickness 
of foot and width of ankle with a constant tension caliper 
(Dyer, Lancaster, PA). A mouse was considered arthritic 
when swelling and erythema were observed on consecutive 
measurement dates in at least one paw. In addition, clinical 
severity of arthritis was assessed by creation of an arthritic 
index. Each limb was subjectively graded on a scale of 0-3 
(0, absence of arthritis; 1, mild swelling and erythema; 2, 
swelling and erythema of both tarsus and ankle; 3, ankylosis 
and bony deformity). A maximum arthritic index (MAI) was 
obtained for each mouse by summing the greatest score 
recorded for each limb (0, no disease; 12, highest possible 

Abbreviations: CIA, collagen-induced arthritis: MAI, maximum 
• arthritic index. - — 

*To whom reprint requests should be addressed. 



7443 




P Natl Acad. Set USA 83 (1986) 



1001 



Meatsm^hi of Anti-Collagen. Antibodies to type II 
S 'cbllageq in immune sera were measured by ELISA (21). To 
: . obtain /tg/ml values of anti-collagen antibodies of each 
isotype, a mouse immunoglobulin reference serum (Miles 
Scientific, Naperville, IL) containing known amounts of each 
isotype was used as a standard (22). A mouse anti-collagen 
standard immunoglobulin preparation was purified from the 
sera of arthritic mice on a type II collagen-Sepharose column 
(23). Immulon 2 plates (Dynatech, Alexandria, VA) coated 
with rabbit anti-mouse immunoglobulin at 100 /ig/ml in 0.016 
M boric acid/0.15 M NaCl, pH 8, were blocked with the same 
buffer containing 2% (vol/vol) horse serum. The plates were 
washed and incubated with serial dilutions of affinity purified 
mouse anti-collagen and reference serum. The assay was 
developed by the addition of peroxidase-coiyugated rabbit 
anti-mouse IgGl, IgG2a, IgG2b, IgG3, IgA, or IgM (Miles 
Scientific), and the substrate ABTS [2,2'-azino-bis(3- 
ethylbenzothiazoline-6-sulfonic acid), Zymed Laboratories, 
South San Francisco, CA]. The cross reactivity of these sera 
was tested with purified mouse myeloma subclass proteins 
(Litton Bionetics, Organon Teknica, Charleston, SQ and 
found to be <10%. Absorbances at 405 nm were determined 
with a vertical beam spectrophotometer (Artek Systems, 
Farmingdale, NY); The absorbance values obtained were 
used to construct a standard curve for each isotype using a 
computer program that does a least squares fit correlating 
absorbance with, concentration. Curves were generated 
through a third-order equation in which absorbance is the 
independent variable and, after subtracting background, the 
* intercept is assumed to be zero. The jtg/ml values obtained 
for anti-collagen antibodies of each isotype in the affinity- 
purified mouse anti-collagen standard were then used to 
create standard curves with type II collagen-coated plates. 
Anti-collagen antibodies of each isotype in immune sera were 
quantitated by titration on type II collagen-coated plates 
developed with the rabbit anti-mouse isotyping reagents 
described above. 

Anti-collagen antibodies in immune sera were also mea- 
sured by solid-phase RIA (i4). Polyvinyl chloride microtiter 
plates (Dynatech, Alexandria, VA) were coated with type II 
collagen at 100 /xg/mi, blocked with 2% (vol/vol) horse 
serum, and incubated with dilutions of immune sera. The 
plates were developed with 125 I-labeied rabbit anti-mouse 
Fab. Individual wells were cut out and counted in a y counter. 
Affinity-purified mouse anti-collagen antibodies were used as 
a standard. 

Statistical Analysis. Comparisons of means were performed 
by Student's t test. Arthritis incidences were compared with 
the Fisher exact test. P values given are for two tailed tests. 

RESULTS 

Resistance to Arthritis Induction After Feeding of Soluble 
Type II Collagen. Soluble type II collagen was administered 
intragastrically to CIA-susceptible DBA/1 Lac J mice prior 
to intradermal immunization with type II collagen in com- 
plete Freund's adjuvant. Twelve feedings (500 p% each) of 
type II collagen in 0.5 ml of 0.01 M acetic acid during 6 weeks ' 
significantly reduced the incidence of arthritis (Fig. IA;P< 
0.004 for each time point beyond day 30). For the group, the 
MAI on day 58 was 1.9 as compared to 3.9 in controls (Fig. 
IB). For those mice in the type II collagen-fed group that did 
become arthritic the mean day of onset (day 44 ± 4) was not 




12 24 

Days after immunization 



60 



Fig. 1 . (4) Incidence of arthritis after intragastric administration 
of 500 fig of type II collagen in 0.5 ml of 0.01 M acetic acid 12 times 
during 6 weeks (summary of six experiments), a, type U collagen (n 
= 32); controls (n - 51). (fl) Clinical severity of arthritis, a. type 
II collagen (n = 32); controls (« = 51). 



significantly delayed compared to controls (day 41 ± 2). The 
clinical severity of the arthritis in these animals also did not 
differ significantly from that in the arthritic controls (mean 
MAI ± SEM on day 58 of type II collagen fed animals, 5.6 ± 
0.76; meap MAI controls ± SEM, 4.8 ± 0.36; /% 0:34). 

When both the interval and the number of feedings were 
decreased, it was found that eight intragastric administrations 
of type II collagen given over a 2-week period were sufficient 
to reduce the incidence of CIA significantly (Fig. 2A). 
Administration of denatured type II collagen, however, had 
no effect on the incidence (Fig. 2S) or the severity of the 
arthritis (MAI for the group fed denatured type II collagen, 
3.4; MAI controls, 3.3). When each intragastric administra- 
tion consisted of 3 mg, rather than 0.5 mg, of type II collagen 
no suppression of CIA was observed (Fig. 2Q. The clinical 
severity of the arthritis observed in these animals was slightly 
higher (MAI, 4.4) than that observed in the corresponding 
controls (MAI, 3.7). 

Serum Antibody Levels in Type II Collagen-Fed and Control 
Mice. Table 1 shows the distribution of immunoglobulin 
isotypes in the anti-collagen response in sera taken during the 
onset of disease on day 35 after primary immunization. The 
results are presented separately for animals with and without 
arthritis, the total antibody levels given are the sums of those 
for the individual isotypes. None of the isotypes showed 
statistically significant differences between arthritic and 
nonarthritic mice in the control group but IgG2a and lgG2b 
tended to be higher in the arthritic mice. IgG2b levels in type 
II collagen-fed mice were significantly lower than those in 
arthritic control mice, while IgG2a levels were also reduced, 
but not significantly different from those in control mice. The 
IgGl, IgG3 t and IgA responses were lower but did not differ 
significantly in fed and control mice. 

Since IgG2a and IgG2b were most prominent in the 
anti-collagen response, it was of interest to determine the 
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Fig. 2. Incidence of arthritis after intragastric administration of type II collagen. (A) type II collagen (500 /ig) in 0.5 ml of 0.01 M acetic acid 
eight times during 2 weeks (▲, n ~ 10). Controls 0.5 ml of 0.01 M acetic acid (•;/!= 10). (B) Denatured type II collagen (500 /ig) in 0.5 ml of 
0.01 M acetic acid 12 times during 6 weeks n = 15). Controls (as in A) (•; n = 28). (C) type II collagen (3 mg) in 1 ml of 0.01 M acetic acid 
12 times during 6 weeks (o, n - 19). Controls had 1 ml of acetic acid (•,/!- 18). Mice were immunized with type II collagen in complete Frcund's 
adjuvant 3 days after the last dose of type II collagen. 



level of these antibodies during the afferent phase of disease 
induction prior to onset of arthritis, as well as later in the 
course of the disease (Table 2). The IgG2a and IgG2b levels 
measured on day 20 after immunization were similar in all of 
the mice. In spite of the resistance to disease induction in type 
II collagen-fed mice, their IgG2a antibody levels were not 
significantly lower than those of control mice. However, the 
tendency to reduced IgG2a and IgG2b antibody levels ob- 
served during the onset of the disease (day 35) persisted, even 
in sera taken on day 60 after immunization. Measurement of 
total serum anti-collagen antibodies by RIA gave similar 
results. In a group of control (n = 4) and type II collagen-fed " 
(n = 7) mice, anti-collagen levels on day 20 were 78 ± 21 and 
99 ± 35 /ig/ml (mean ± SEM), respectively. Sera from 
arthritic control mice (n = 9) taken on day 60 measured 244 
± 46 /ig/ml, while nonarthritic type II collagen-fed mice 
measured 156 ± 19 ftg/ml (mean ± SEM; n = 10; P = 0.17). 

DISCUSSION 

It has been postulated that immunologic unresponsiveness is 
induced after intragastric administration of antigen by the 
separation in the gut of tolerogenic, monomelic forms of 
antigen from immunogenic large molecular weight aggregates 
(25). After intragastric administration of soluble bovine 
serum albumin (25) or ovalbumin (26), only monomelic 
antigen could be detected in the sera of fed animals. Very 
small quantities of intact native proteins or small fragments 
bearing antigenic determinants of the native protein appear to 
be absorbed. In the present experiments, intragastric admin- 
istration of undenatured, but not denatured, type II collagen 
leads to suppression of CIA. This is consistent with evidence 
that the immune response to type II collagen in mice is 
directed against the undenatured helical antigenic determi- 
nants (4, 27) and that only immunization with undenatured 
type II collagen readily induces arthritis (23, 27). 



Eight feedings of soluble type II collagen over a 2-week 
period are as effective in suppressing CIA as 12 feedings over 
6 weeks. In contrast, administration of large doses'of type II 
collagen in each feeding does not result in suppression of 
CIA. Results from other investigators (reviewed in ref. 15) 
also suggest that the induction of unresponsiveness by the 
oral route is strikingly dose dependent. Continued feeding 
reduces the absorption of antigen, probably as a result of 
local immunity (15). It is possible that the high dose of type 
II collagen used here may have immunized the recipient, 
although no anti-collagen antibodies, even of the IgA isotype, 
have been detected in sera taken after feeding. It is of interest 
that the severity of the disease observed in the fed animals 
that do become arthritic does not differ from that in controls. 

It has been reported that feeding of antigen subsequent to 
parenteral immunization either has no suppressive effect or 
boosts antibody production (16). Others suggest, however, 
that continued feeding of small doses of antigen may lead to 
systemic unresponsiveness in spite of initial priming (15). 
Repeated oral administration of ovalbumin can prevent a 
secondary antibody response in primed mice (28). In the 
present studies (data not shown) eight intragastric adminis- 
trations of type II collagen given between days 10 and 29 after 
immunization with type II collagen in complete Frcund's 
adjuvant did not result in decreased incidence or severity of 
CIA. 

It has been suggested that CIA is an autoimmune disease 
initiated by the binding of antibody to autologous type II 
collagen in the joint (29). Complement is required for the 
development of CIA (30). Onset of disease in susceptible 
mouse strains is associated with a predominance of lgG2a 
anti-collagen whereas resistant strains mount a relatively 
deficient IgG2a response (22). This is in agreement with the 
fact that IgG2 is the most efficient member of the mouse IgG 
class in the fixation of complement by the classical pathway 
(31). The IgG2 anti-collagen response is, therefore, of par- 



Table 1. Effect of type II collagen feeding on isotype distribution of serum anti-collagen on day 35 after immunization 

Nft ft f Anti-collagen isotype, /ig/ml 



Total 



Pre treatment 


Arthritis 


mice 


IgGl 


IgG2a 


IgG2b 


IgG3 


IgA 


Mg/ml 


Acetic acid- 
























fed control 


+ 


6 


52 ± 14 


437 ± 


108 


107 ± 17 


10 ± 3 


48 ± 


14 


653 ± 


132 






4 


49 ± 21 


169 ± 


31 


42 ± 11 


6 ± 3 


25 ± 


7 


291 ± 


53 




Total 


10 


51 ± 11* 


330 ± 


77* 


81 ± 15* 


8 ± 2* 


39 ± 


91 


508 ± 


9811 


Collagen fed 


+ 


2 


47 ± 7 


122 ± 


32 


30± 9 


4 ± 3 


16 ± 


3 


227 ± 


18 






6 


34 + 16 


136 ± 


8 


37 ±23 


5 ± 4 


16 ± 


1 


219 ± 


42 




Total 


8 


44 ± 7* 


126 ± 


24* 


32 ± 9* 


4 ± 28 


16 ± 


21 


221 ± 


3lH 



Results are mean ± SEM. +/Mice with arthritis. Mice without arthritis. 
♦P. 0.64; »/\ 0.09; *, 0.03; */>, 0.19; V\ 0.12; H/>, 0.06. 




mEi^M^&i mtfjcoilagen prior to and late 
' SNSJ^n type n cojfcgen-fed and control 



gay Pfetreatmept Arthritis mice 



Anti-collagen isotypc, 
lgG2a IgG2b 



20 



60 



Acetic acid- 
fed control 

Collagen fed 

Acetic acid- 
fed control 

Collagen fed 



+ 
+ 



5 
8 

9 
4 
9 



70 ± 8* 
98 ± 36* 

448 ± 134* 
387 ± 143 
294 ± 166* 



19 ± 6* 
16 ± 4* 

32 ± 75 
59 ±17 
12 ± 2« 



Results are mean ± SEM. +, Mice with arthritis. -, Mice without 

arthritis. . " 

•F, 0.6; tj», 0.7; *P. 0.49; «/\ 0.06. 

ticular importance for the development of CIA. The possi- 
bSvexistethat resistance to induction of CIA observed after 
£££ aLnistration of type :H collagen results froma 
decrSse in the magnitude of the IgG2 response or a switch 
STSpe predorninance. We have found that whfle the 
oveS^uioUagen response is slightly, but not secant* 
lowe7lgG2a remains the predominant isotype m both fed 
2 wnbol mice. In addition, although much lower m 
SnitudVthan the IgG2a response, me IgG2b *<peot«n 
response is significandy lower .n nonarthntic type II 
collaeen-fed mice than in arthritic control mice. 

K are at least two possible mechanisms for the resi£ 
ance to arthritis induction observed after feeding of soluble 
?y£ll collagen. Matting* and Waksman (32) found that 
feeding sheep erythrocytes for 2 weeks resulted in systemic 

ceUs appeared in the Peyer's patches and mesenteric lymph 
node butwere undetectable in these locations and present in 
Ae spleen and thymus after 4 days. Suppressor T cells have 
2£o 35 shown, by adoptive transfer, in the 
rymph node and spleen of animals suppressed by oral 
adSsttation of soluble proteins or haptens in several otiier 
SSental systems (33-38), In the present system 
cXe™ speeffic 'suppressor T cells could have suppressed 
antftody SoductionVparUcularly of the IgG2 class, or ought 
S?e7«v^nVed the sewitization of T cells directly mvolved 
fa toe taiUation and maintenance of arthritis, Alternatively , 
production of anti-idiotypic autoantibody has been postulat- 
ed to depress specificially the IgM and IgG immune response 
afte? systemic Vhallenge of fed animals w,th an ,zmg 
dose of antigen (39. 40). Although in the present study tiie 
effect of type II collagen feeding on the magnitude of the 
ESS anfrcollagen response is not marked, it ,s stdl 
possible that anti-idiotypic regulation could have suPP«»sed 
Tpart of the response critical for the induction of CIA by 
virtue of its specificity. 
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We report that experimental autoimmune enceph- 
alomyelitis, a T cell-mediated autoimmune disease 
studied as a model for multiple sclerosis, can be sup- 
pressed in Lewis rats by the oral administration of 
myelin basic protein (MBP). Both the cHnlc nj and his- 
topathologic manifestations of the disease were sup- 
pressed in a dose-dependent manner* In addition, pro- 
liferative responses to MBP and, to a lesser extent, 
serum levels of anti-MBP antibody were suppressed by 
feeding MBP* Suppression of clinical and histologic 
disease was observed whether animals were fed MBP 
before or after disease induction, although suppres- 
sion was more complete when rats were fed before 
immunization. Disease was also suppressed by the oral 
administration of either encephalitogenic or nonen- 
cephalitogenic fragments and decapeptides of the MBP 
molecule, with more complete suppression observed 
when nonencephalitogenic fragments were fed, sug- 
gesting that suppressor determinants exist in the MBP 
molecule distinct from the encephalitogenic region. 
The oral administration of a non-disease-inducing 
portion of an autoantigen represents an antigen-specific 
method by which an experimental autoimmune dis- 
ease can be immunoregulated. 

Experimental autoimmune encephalomyelitis (EAE) 3 is 
a T cell-mediated autoimmune disease directed against 
myelin basic protein (MBP) and has been studied in several 
mammalian species as a model for the human demyeli- 
nating disease multiple sclerosis (l). Several studies have 
focused on methods to suppress the development and se- 
verity of EAE. For example. It has been demonstrated that 
suppression of the disease is possible by non-antigen-spe- 
dflc methods such as treatment with cyclophosphamide 
(2) or injection of monoclonal antibodies directed against 
T cell subsets (3. 4). In addition, various antigen-specific 
methods have been used to suppress EAE, Including sys- 
temlcally administered antigen or antigen conjugated to 



Received for publication July 29. 1987. 
AccrpUd for publication October 15. 1987. 

The costs of publication of this article were defrayed In port by the pay- 
ment of page charges- This article must therefore be hereby marked ad- 
vertisement in accordance with IS U.S.C. Section 1734 solely to Indicate 
this fact. 

1 This work was presented in abstract form at the 1 1 1th annual meeting 
of the American Neurological Association. Boston. MA (Ann. Neurol 20:161 . 
1986). 

1 Please address aU correspondence and requests for reprints to Dr. How- 
ard Wclner. Center for Neurologic Diseases. Brtgham A Women's Hospital. 
75 Francis St. Boston. MA 021 15. 

* Abbreviations used In this paper: EAE, experimental autotnununc en- 
cephalomyelitis; MBP. myelin basic protein; CFA. complete Freund's adju- 
vant: PBST. phosphate-buffered saline containing 0.05% Tween 80. 



lymphoid cells (5-7). 

An effective and long recognized method of inducing im- 
munologic tolerance Is the oral administration of antigen 
(see Reference 8 for review), which was first demonstrated 
by Wells for hen's egg proteins in 1911 (9). Oral Induction 
of Immunologic unresponsiveness has been demonstrated 
for a number or T-depcndent, but not T-lndependent. an- 
tigens (8, 10) and we have previously investigated oral tol- 
erance to viruses (11). Orally induced tolerance has been 
shown In several Instances to be the result of the generation 
of antigen-specific suppressor T cells (11-19). although 
other mechanisms including antiidiotype antibodies and 
immune complexes have also been Implicated as being re- 
sponsible for the Induction of oral tolerance (20-22). In 
the present report, we have studied the effect of feeding 
MBP on the susceptibility to and severity of acute mono- 
phasic EAE in the Lewis rat. In addition, because only a 
small segment of the MBP molecule Is known to be enceph- 
alitogenic and the remainder Is unable to Induce disease 
(23). we also examined the effect of oral administration of 
peptide fragments of MBP on the development of EAE. Our 
results show that the oral route of antigen administration 
suppresses not only disease but also various immune re- 
sponses to MBP and that suppression of EAE is also pos- 
sible by feeding nonencephalitogenic fragments of the MBP 
molecule. 



MATERIALS AND METHODS 

Rats, Lewis rats were obtained from the Charles River Laboratory 
(Wilmington. MA). Animals were used at 6 to 8 wk of age. 

Antigens. Guinea pig and bovine MBP were purified from brain tis- 
sue by the method of Dlcblcr et aL (24). Fragments of guinea pig MBP 
were generated by limited pepsin digestion at 25*C. pH 3.0, and were 
separated by ion exchange chromatography as described 125). The pep- 
tides were run on phosphoric acld-urca sodium dodecyi sulfate-pory- 
acrylamluc gels (26) to verify their homogeneity. The bovine ence- 
phalitogenic decapeptide (AJa<Hn<>^ru>Ai^Pro^lnr^A^r>Glu-Asn) and 
the decapeptide S79. which differs from the encephalitogenic deca- 
peptide by a single amino add substitution (Gty for Asn) at the carboxyl 
terminus, were synthesized using an Applied Btosysteras 430A peptide 
synthesizer. 

Induction of oral tolerance. Rats under light ether anesthesia were 
fed MBP or fragments In 0.25 ml of phosphate-buffered saline (PBS) 
solution by using a syringe fitted with a 20-gauge ball point needle. 
Control animals were fed equal amounts of bovine serum albumin 
(BSAJ or saline alone. 

Immunizations. EAE was Induced In Lewis rats by immunization 
with guinea pig MBP emulsified in complete Freund's adjuvant (CFA). 
A total of 0.4 ml of emulsion containing 50 jig of MBP In 0.2 ml saline 
and 0.2 ml of CFA was Injected Into the hind footpads of each rat 
Disease was characterized by hind limb paralysis and Incontinence, 
usually between days 12 and 15 after tmmunlzaUon. and In all cases 
rats recovered by day 16. Clinical scoring was as follows: 1 = tail 
weakness; 2 - tail weakness plus hind limb weakness: 3 « hind limb 
paralysis plus incontinence; and 4 = Moribund. 
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Histology. Rats were killed on day 16 after Immunization and brains 
were removed and fixed In a solution of 3% formaldehyde. 60% ethanot. 
and 4*4 acetic acid. Slides of paraflm-embedded tissue were prepared 
from each individual rat and 10-fim sections were stained witfi he- 
matoxylin and eos In. Numbers of perivascular Inflammatory foci were 
quantified from coded slides by established procedure (27). 

Proliferation assay. Ten days after Immunization, some of the rats 
from each experimental group were killed, the popliteal lymph nodes 
were removed, and single cell suspensions were prepared. A volume of 
0.2 ml containing 4 x 1 0 s cells in RPMI 1640 containing 2% glutamlne. 
1% pcnlclUin/5trcptomycln. 5 x 10"* M 2-mcrcaploctharjoL and 5% 
fetal calf serum was added to each mlcrowell and MBP was added at 
50 ug/m\. The cells were cultured for 72 hr, each well was pulsed with 
1 /iCl of trltlated thymidine, and cells were cultured for another 24 hr. 
Cultures were harvested onto fiberglass filters using a multlharvester 
and counted using standard liquid scintillation techniques. All cul- 
tures were performed in triplicate and results were expressed as stim- 
ulation Indexes (experimental cpm/control cpm). 

Measurement of serum antibody. An enzyme-linked Immunosor- 
bent assay was used to measure the level of serum antl-MBP antibody 
In rats. A volume of 0. 1 ml of MBP solution (0.05 mg/ml In PBS) was 
added to each mlcrowell and was Incubated for 3 hr at 37*C. Wells were 
washed with PBS containing 0.05% Tween 80 (PBST) and were blocked 
overnight at 4°C with 5% BSA in PBS. pH 9.0. After washing with 
PBST. rat sera (diluted in PBS) were added and incubated for 3 hr at 
room temperature and. after washing with PBST. secondary antibody 
(peroxJdasc-conjugatcd goat anti-rat IgG) was added for 1 hr at room 
temperature. Substrate was added and the reaction was stopped with 
0.1 M NaF. Plates were read at 450 nra on a Tltertek multlscan. Ab~ 
sorbance at 450 nxn was also determined from serum from rat im- 
munized with only CFA and was subtracted from all values as back- 
ground. 



RESULTS 

Oral tolerance of EAE is dose-dependent The first series 
of experiments investigated the effect of the number of feed- 
ings and the dose of MBP on the suppression of disease. 
Rats were fed various amounts of MBP either once 7 days 
before (day -7) the day of immunization (day 0) or three 
times on days - 14. -7. and 0. The results CTable I) dem- 
onstrate that feeding MBP to rats suppresses EAE and that 
orally Induced suppression Is dose dependent Multiple 500- 
ftg feedings resulted In complete suppression of disease and 
were more effective than a single feeding at this dose. In 
addition to clinical manifestation of EAE. histologic evi- 
dence of disease in rats was examined. Rats were sacrificed 
16 days after immunization and brains were removed and 
fixed in formalin solution. As shown in Table I, feeding rats 
500 Mg of MBP on days - 14. - 7. and 0 caused a marked 



TABLE I 

Effect of feeding dose on orally induced suppression of BAB 



MPS Feeding lug!" Clinical Disease* Histologic Score* 



Control 


19/22 


9.2 ±. 5.8 


Day -7 






25 


3/5 


NO 


100 


2/5* 


ND 


500 


3/10*" 


ND 


Days -14. -7. O 






25 


3/5 


7.4 - 5.2 


100 


275* 


3.2 - 1.9 


500 


0/10*** 


0.2 * 0.4 



* Rats weir fed various doses of MBP on the indicated days and immu- 
nized with 50 h£ of MBP In CFA (200 |ig of M. tuberculosis) on day 0. Shown 
are the number of diseased rats of the total number tested. Immunized 
controls were fed BSA or saline. Clinical disease In controls and In fed 
animals consisted of hind limb paralysis and incontinence. 

* Groups were compared with immunized controls by x 3 analysis with 
one degree of freedom. *p < O.05. •• p < 0.01. *** p < 0.001. 

. * Rats were kiled on day 16 after Immunization and brains were removed 
and fixed. Shown are the average number of perivascular Inflammatory foci 
per group * SD. ND. not determined. 
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decrease in the number of inflammatory lesions in the brain. 
A moderate decrease was found in animals fed 100 /zg and 
no significant reduction of inflammation was found In rats 
fed 25 /tg of MBP. 

Effect of feeding MBP before or after Immunization. A 
second series of experiments investigated the effect of feed- 
ing MBP before or after immunization with MBP to deter- 
mine whether orally induced suppression is affected by pre- 
vious exposure to antigen. For these experiments, animals 
were fed 500 /ig of MBP three times within a narrower time 
frame either before (days -7. —5, and -2) or after (days 
+ 2, +5. and +7) active Induction of disease (Immuniza- 
tion with MBP). The results (Table 11) show that the clinical 
expression of disease Is suppressed whether animals were 
fed MBP before or after sensitization, the effect being more 
complete when antigen was fed before immunization. How- 
ever, histologic examination revealed a marked reduction 
of perivascular infiltrates In rats fed MBP either before or 
after sensitization to MBP. Greater than 60% suppression 
of clinical disease was also observed when rats were fed 500 
/ig of MBP three times beginning on day +5 or on day +7 
after immunization (data not shown). 

Further experiments were conducted to determine the 
persistence of orally induced protection against EAE. After 
receiving 500 /ig of MBP on days -7, -5, and -2. rats 
were immunized at various lengths of time after the last 
feeding. EAE was completely suppressed in rats at 4 wk 
after feeding; by 8 wk 50% of animals were again suscep- 
tible to disease (data not shown). 

To determine whether suppression of EAE by feeding 
MBP was specific for MBP and not due to a nonspecific 
effect of a basic protein, rats were fed 500 p-g of hi stone 
three times (days -7. -5. and —2) and immunized with 
MBP. Feeding hlstone had no effect on the Incidence of 
EAE (data not shown). 

Effect of feeding MBP on immune responses to MBP. The 
effect of oral administration of MBP on cellular and humoral 
Immune responses to MBP was also examined. Proliferative 
responses to MBP were studied after feeding rats different 
doses of MBP and following feeding at different times with 
respect to immunization. Rats were killed 10 days after 
immunization and proliferative responses of draining lymph 
node cells were determined. The results (Fig. 1) demon- 
strate that feeding MBP before immunization caused a pro- 
nounced decrease (75 to 92% suppression) of the prolif- 
erative response to MBP. Suppression of proliferation, unlike 
suppression of disease, occurred at all doses and feeding 
regimes tested: Feeding MBP after immunization was also 
effective in suppressing the proliferative response to MBP 
(Fig. 2). Orally induced suppression of the proliferative re- 



TABLE u 

Effect of feeding MBP to rats before or after Immunization on the 
development of EAE 



MBP Feeding" 


Clin lea) Disease* 


Histologic Score* 


Control 


23/26 


21.6 ± 5.1 


Days 






-7. -5. - 2. +2. 1 5. +7 


0/5** • 


0.2 2: 0.4 


-7. -5. -2 


0/17*** 


0 


+ 2. +5. +7 


4/10** 


1.4 ± 2.3 



* Rats were fed 500 fig of MBP on the Indicated days and Immunized 
with 50 fig of MBP In CFA on day 0. Immunized controls were fed BSA or 
saline. Clinical disease In controls and fed animals consisted of hind limb 
paralysis and Incontinence. 

* Groups were compared with Immunized controls by x* analysis with 
one degree of freedom. *p < 0.05. **p < O.Ol. ***p < 0.0O1. 

* See Table L 
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Figure J. Effect of dose and number of feedings of MBP on proliferative 
response to MBP. Animals were fed various doses on the indicated days and 
then immunized with 50 fig of MBP In CFA on day 0. Proliferative response 
of popliteal lymph nodes was determined 10 days later. 
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Figure 2. Effect of feeding MBP before or after Immunization on prolif- 
erative response to MBP. Animals were fed 500 xg of MBP on the Indicated 
days and Immunized with 50 Mg of MBP in CFA on day 0. Proliferative 
response of popliteal rymph nodes was determined on day 10 after Immu- 
nization. 

sponsc to MBP Is antigen specific, as shown In Figure 3. 
Specifically, the proliferative response to a purified protein 
derivative of Mycobacterium tuberculosis, which occurs as 
a result of immunization with CFA. is not suppressed by 
feeding MBP. Feeding an Irrelevant antigen such as BSA 
also does not affect the proliferative response to this protein 
derivative and only slightly suppresses the proliferative re- 
sponse to MBP. Finally, feeding MBP does not affect the 
proliferative response to BSA in animals immunized to BSA. 

The effect of feeding MBP on the production of antibody 
to MBP was also examined. Rats fed MBP were immunized 
with MBP in CFA and bled 16 days after immunization. 
Levels of antl-MBP antibody in the serum were measured 
by enzyme-linked immunosorbent assay. When animals were 
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Figure 3. Antigen specificity of orally Induced suppression of the prolif- 
erative response. Animals were fed SCO jig of MBP or BSA on days -7, -5. 
and -2 and immunized with 100 /ig of MBP or BSA In CFA on day 0. Nine 
days after Immunization, lymph nodes were removed and proliferative re- 
sponse to MBP. BSA. and a purified protein derivative of Mycobacterium 
tuberculosis (PPD) (all at SO /igfal) was determined. 
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Figure 4. Effect of feeding MBP on the production of serum antl-MBP 
antibody. Animals were fed the Indicated amounts of MBP on days - 14. 
- 7. and 0 and Immunized with SO *tg of MBP In CFA on day 0. Rats were 
bled 1 6 days after Immunization and serum antibody levels were determined 
by enzyme-linked immunosorbent assay. Shown are the relative absorb- 
ances at 450 run of serum diluted 1/15.625 with respect to serum obtained 
from control animals immunized with CFA alone. 

fed at weekly intervals (days - 14. -7. and 0), suppression 
of antl-MBP antibody response was only observed when rats 
were fed the highest (500 fig) dose tested (66% suppression. 
Fig. 4). Unlike the suppression of proliferative response, 
suppression of antibody production was not observed when 
rats were fed lower doses of MBP. When rats were fed an- 
tigen either before or after immunization under the other 
feeding schedule (days -7, —5. and -2 or +2, +5, and 
4-7) the antibody response was not significantly affected, 
with only 15% suppression observed for both pre- and post- 
fed rats (data not shown). 
Effect of feeding MBP fragments on EAE. It has been 
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reported that the encephalitogenlc region of MBP for Lewis 
rats Is a specific decapeptlde sequence located at residues 
75 to 84 of either guinea pig or bovine MBP, which by itself 
can Induce EAE when Injected into animals with CFA. 
whereas other regions of the molecule arc nonencephall- 
togenlc (23). Furthermore, for some antigens, including 
MBP. it has been reported that distinct suppressor deter- 
minants exist at sites different from immunogenic deter- 
minants (33, 34). We therefore investigated whether either 
encephalitogenlc or nonencephalitogenlc regions of MBP 
could by themselves prevent EAE via oral administration. 
Fragments of guinea pig MBP were generated by limited 
pepsin digestion and separated by column chromatography. 
The three different fragments generated by this procedure 
were fed separately to rats, and then animals were Im- 
munized with whole guinea pig MBP. It was found that 
both the disease-inducing (fragment 44-89) and nonen- 
cephalitogenlc (fragments 1-37 and 90-170) fragments 
suppressed EAE when fed to rats, the nonencephalitogenlc 
fragments being more effective In suppressing the disease 
than the encephalitogenlc fragment (Table III). Further- 
more, oral administration of both the encephalitogenlc 
fragment (fragment 44-89) and the nonencephalitogenlc 
fragment (fragment 1—37) suppressed subsequent prolif-, 
erative response to whole MBP (Table III). 

In terms of bovine MBP, it has been reported that a de- 
capeptlde, termed S79, which differs from the 75-84 en- 
cephalitogenlc decapeptlde by a single amino acid substi- 
tution (Gly for Asn) at the carboxyi terminus, suppresses 
EAE when injected into Lewis rats with CFA (28). We thus 
synthesized both the bovine encephalitogenlc decapeptlde 
and S79 decapeptlde and fed them to animals before im- 
munization with whole gulnea.pig MBP. The S79 decapep- 
tlde suppressed EAE and appears to be more suppressive 
of disease than the encephalitogenlc decapeptlde Itself (Table 
111). Whole bovine MBP, which is not encephalitogenlc In 
rats at doses encephalltogenic for guinea pig MBP (29). 
completely suppressed disease when fed to animals at the 
same dose as guinea pig MBP before immunization with 
guinea pig MBP (Table 111). 

DISCUSSION 

Our results demonstrate, first, that oral administration 
of MBP is an effective means by which acute monophaslc 
EAE in rats can be suppressed in an antigen -spec! fie man- 
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ner. Orally induced suppression is dose-dependent, with 
both clinical and histologic symptoms of disease being dra- 
matically reduced. Second, feeding MBP to rats profoundly 
suppresses T cell proliferative response to MBP and, to a 
lesser extent. anti-MBP antibody production, which is con- 
sistent with orally induced suppression of immune re- 
sponses for other antigens (8). Third, nonencephalitogenlc 
fragments of MBP (peptides 1-37 and 90-170) are as ef- 
fective in orally suppressing EAE as the intact protein. Thus, 
oral suppression of disease does not require the disease- 
inducing antigenic determinant of MBP. 

The oral administration of MBP was most effective in 
suppressing EAE when administered before immuniza- 
tion, suggesting that the afferent limb of disease Induction 
was affected most by feeding. Nonetheless, feeding after the 
induction of disease (starting as late as day + 7) was also 
effective in at least partially suppressing disease, which 
indicates that later stages of the immune response follow- 
ing disease induction may also be susceptible to oral 
suppression. Studies are currently in progress to deter- 
mine the effectiveness of orally administered MBP in sup- 
pressing adoptively transferred and chronic relapsing EAE. 

Although feeding MBP after EAE induction did not com- 
pletely suppress disease (60% suppression vs 100% 
suppression if animals were fed before immunization), it 
was as effective as feeding before immunization in sup- 
pressing the proliferative response to MBP (90% suppres- 
sion). Different doses of orally administered MBP were re- 
quired to suppress disease, proliferative responses, and 
antibody production, and. in the case of the antibody re- r 
sponse. the interval of feedings influenced the suppressive 
effect. This suggests that different mechanisms may be 
involved in the induction and maintenance of oral tolerance 
for cell-mediated and humoral responses (30, 31) and for 
disease protection. 

We have shown that orally administered fragments of 
MBP that do not contain the encephalitogenlc sequence 
prevent disease and suppress proliferative responses to MBP. 
suggesting that suppressor determinants exist In the MBP 
molecule distinct from the encephalitogenlc region and that 
these determinants can induce tolerance when dissociated 
from the disease-inducing determinant. Furthermore, our 
data suggest that nonencephalitogenlc determinants may 
be more potent suppressors of disease than encephalito- 
genlc determinants. Suppressor determinants that are dis- 
tinct from antigenic determinants have been described In 



TABLE III 



Effect of feeding encephalitogenlc and nonencephaUtogentc fragments and peptides on the development of EAE 







ProllfeniUvr 


Feeding (iHjr 


Incidence of EAE 6 


Response* 


Controls 


19/25 


7.0 


Guinea pig MBP 






Fragment 1-37(109) 


0/9— 


1.3 


Fragment 44-89 ( 135) 


3/1 1** 


2,5 


Fragment 90-170(335) 


0/4* • 


ND 


Bovine MBP 






Whole (SOO) 


OMO*" 


ND 


Decapeptlde S79 (30) 


1/8* •• 


ND 


Encephalitogenlc decapeptlde (30) 


4/8 


ND 



° Lewis rats were fed the Indicated amounts of peptides or proteins (equlmolar to SOO jxg of whole guinea pig MBP) on days 
-7. - 5. and - 2 and immunized on day 0 with SO ^ig of guinea pig MBP with CFA. Shown arc the number of diseased rats 
of the total number tested. Clinical disease in controls and fed animals consisted of hind limb paralysis and Incontinence. 

* Groups were compared with immunized controls by x* analysis. *p < 0.05. **p < O.Ol . •••p < O.OOI. 

c Proliferative response of lymph node cells to whole MBP Is expressed as stimulation Index ( experimental cpm/Coiitrol cpm). 
ND. not determined. 
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hen's egg white lysozyme arid appear in the amino terminus 
of the molecule (32. 33). Using the same EAE system we 
have studied (guinea pig MBP in Lewis rats), Chou et al. 
(34) reported that the encephalitogenic region of the MBP 
molecule was nece ssary for suppression of EAE when given 
with incomplete FrcuncTs adjuvant (IFA). Drtscoll et al. (35) 
reported similar results with the guinea pig. Swanborg (36). 
on the other hand, using guinea pig MBP in guinea pigs 
reported that an Inhibitory determinant was present in 
fragment 43-89. which is distant from the encephalito- 
genic site (residues 114 to 121) and which suppressed dis- 
ease when administered with IFA. The disparity between 
our results and those of Chou et al. (34) may relate to the 
differences In routes of administration of antigen used to 
induce suppression. The oral route may provide unique 
conditions that maximize the induction of suppression. 
For example, gut processing of antigen may modify and 
"biologically filter" antigen (37) In a manner that cannot 
be reproduced by other means, such as Immunization with 
IFA or direct l.v. Injection. In addition, the gut may provide 
specialized antigen-presenting cells, either in the intestinal 
epithelium (38) or Peyer's patch (39). which have been re- 
ported to be Involved in activating suppressor Inducer T 
cells. Studies are currently in progress to define the min- 
imal amino acid sequences on the nonencephalitogenic de- 
terminants required to Induce oral tolerance to EAE. 

Orally induced tolerance is a normal Immune response 
that is considered to function in the prevention of allergic 
and autoimmune reactions to food antigens (8). Although 
the oral administration of antigen has been widely studied 
as a means of suppressing the immune response for a num- 
ber of different cellular (14. 15). protein (12. 13. 16. 17). 
and nonprotein (e.g., contact-sensitizing) antigens (1 1. 19). 
it has not been applied in the suppression of an autoim- 
mune disease to a defined antigen until recently. We are 
aware of one published report in which the oral adminis- 
tration of type n collagen was used to suppress collagen- 
Induced arthritis in mice (40) and of a preliminary report 
of EAE suppression by oral administration of MBP, in which 
20 mg of MBP was fed and 58% of animals were protected 
from clinical disease (41 ). In the study of arthritis, collagen- 
induced arthritis was suppressed by feeding undenatured 
but not denatured type II collagen. There was a slight de- 
crease in IgG2b antlcollagen antibodies reported; T cell re- 
sponses were not determined. 

The specific immune mechanism by which oral admin- 
istration of MBP or its fragments suppresses EAE is at the 
present time undefined. Adoptive transfer studies with an- 
imals fed other antigens (11 — 14, 17—19) have often shown 
that antigen-specific suppressor T cells are generated by 
feedmg and arc involved in actively suppressing the im- 
mune response. Other mechanisms, such as the produc- 
Uon of soluble factors in the serum (20) and the formation 
of antigen-antibody complexes (21), have also been pro- 
posed and may represent additional or alternative mech- 
anisms. Suppressor T cells have been shown to play a role 
In the modulation of EAE, being Involved in the recovery 
from disease in rats (42, 43) and In the natural unrespon- 
siveness to the disease in certain strains of mice (44). It Is 
therefore possible that MBP-speclflc suppressor T cells are 
Induced by orally administered MBP. Studies are presently 
in progress to determine the role of suppressor T cells in 
generating oral suppression of EAE via adoptive transfer 
of orally Induced suppression from fed donors to naive re- 
cipients. 
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